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BXECOTIVB  SUMMARY 


Aa  the  first  study  In  a program  for  the  evaluation  of 
watchstander  productivity  in  US  Coast  Guard  Vessel  Traffic 
Services  (VTS's),  a team  of  human  factors  specialists  from  the 
Department  of  Transportation's  Transportation  Systems  Center 
(TSC)  collected  and  analysed  data  on  watchstander  activities  at 
the  Rouston-Galveston  ^^s.  During  the  period  September  19-21 • 
1977,  the  following  Inforstatlon  was  dstalnedi 


copies  of  VTS  forms  and  logs; 

Detailed  records  of  watchstander  activities  for  a total 
of  fifteen  hours  of  observation} 

Repeated  time  measurements  of  typical  watchstander  actions 
and  computer  delays} 

Records  of  twelve  in-depth  interviews  with  VTS  personnel} 
stress  questionnaires  administered  to  nine  watohstandera} 
Photographs  of  equipment  and  workspace  layout. 


The  Rouston-Galveston  area  is  divided  into  three  sectors, 
each  served  by  a Sector  Watchstander  (SW)  at  a sector  poeition  in 
the  Vessel  Traffic  Center  (VTC) . Bach  sector  position  has  a 
control  console  for  a vnr-FM  radio  communications  system,  a 
computer  terminal  (a  keyboard  and  two  oathode-ray-tube  displays) 
for  the  VTS-Data  Acquisition  and  Control  system  (VT8-DACS) , and 
controls  for  surveillance  aids  (television  or  radar).  Position 
reports  and  identifying  data  are  radioed  from  the  vessels  to  ths 
SW,  who  manually  enters  the  data  into  the  VTS-OACS  via  the 
keyboard.  The  computer  then  dead-reckons  and  displays  current 
vessel  positions  and  other  relevant  traffic  information, 
subsequent  positions,  reported  or  observed  on  television  or 
radar,  are  used  to  verify  and  (if  necessary)  correct  the  computed 
data.  At  the  time  of  the  study,  the  Houston- Galveston  VTS  was 
maintaining  a backup  tracking  system  that  involved  advancing 
traffic  statue  cards  along  a slotted  board. 


The  SH  monitors  his  displays  and  periodically  radios  a 
traffic  advisory  to  each  vessel  in  his  sector.  The  advisory  is 
generally  limited  to  an  enumeration  of  traffic  that  the  vessel 
will  engounter,  discrepancies  in  aids  to  navigation,  significant 
weather,  and  channel  hasards  or  obetruotlons.  Xf  conditions 
require  it,  special  cautions  and  directions  may  be  included  in  an 
advisory. 


The  sw's  are  supervised  by  a watch  Supervisor  (ws)  and 
assisted  by  an  External  Communicator  (XC) . 
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Houston-Galveaton  VTS  records  show  an  average  annual  traffic 
load  of  250  vessels  per  day,  SO  ships  and  200  tows.  During  the 
three  days  of  Tsc  observationsf  traffic  averaged  243  vessels  per 
day,  44  ships  and  199  tows.  Sector  loads  varied  from  4 to  20 
vessels  during  observations,  with  a mean  load  of  10  vessels.  No 
significant  incidents  were  reported  on  the  observation  days. 
Therefore  we  conclude  that  our  observations  were  based  on  a 
reasonably  representative  sample  of  eroutlne"  operations. 


Over  the  fifteen  hours  of  observation  of  8W  activities,  6759 
activities  were  recorded.  General  activity  levels  were  highest 
In  the  sectors  having  the  highest  traffic  load.  Within  sectors, 
communicating  with  vessels  and  working  with  Vessel  Status  Cards 
varied  with  the  traffic  load  or  with  changes  in  traffic  load,  but 
the  monitoring  activity  (use  of  computer-generated  traffic 
displays,  television  or  radar  displays)  was  relatively 
independent  of  traffic. 


The  principal  types  of  activities  were  also  timed. 

Combining  frequency  of  an  activity  with  average  time  to  perform 
the  activity  yields  an  estimate  of  the  total  amount  of  time  in- 
volved in  performing  the  activity.  Because  the  time  measurements 
varied  over  a wide  range  and  were  not  made  concurrently  with  the 
frequency  observations,  care  must  be  taken  to  Interpret  the 
combined  figures  as  only  rough  estimates.  These  estimates  showed 
the  following  allocation  of  time  to  activities  during  the  fifteen 
hours  of  observation  of  sector  Watchstandsrs: 


communicating  with  vessels 
Monitoring  the  computer 
Keying  the  computer 
Using  the  Vessel  Status  Cards 
Using  radar 
Using  television 
Miscellaneous  activities 


18  percent 
12  percent 
16  percent 
23  percent 
5 percent 
23  percent 
3 percent. 


These  figures  indicate  that  in  routine  operations  at  the 
Houston-Galveeton  VTS,  delivery  of  the  primary  product,  traffic 
advisories,  occupies  less  than  two-tenths  of  the  sector 
watchs tender's  time;  the  rest  of  the  time  is  devoted  to 
supporting  activities.  Monitoring  displays,  in  order  to  be  ready 
to  issue  advisories,  occupies  about  40  percent  of  the  SW's  time. 
Working  with  the  Vessel  Status  Cards  takes  up  nearly  a quarter  of 
the  time,  while  keying  entries  and  requests  into  the  computer 
takes  over  fifteen  percent.  The  rest  of  the  time  (about  three 
percent)  goes  to  such  miscellaneous  activities  as  looking  up  data 
in  reference  files,  talking  to  other  watchstandsrs,  and 
occasionally  leaving  the  position  briefly. 
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The  comments  and  opinions  expressed  by  ths  VTS  personnel  in 
the  interviews  Idsntlfled  some  operational  problems  that  were 
also  reflected  in  the  data.  The  prlnolpal  set  of  problems 
centers  on  inadequacies  of  the  VT6-DAC8*  including} 

Inadequate  integration  of  displayed  data 

Excessive  keying  requirements 

Display  delays 

Request  rejections 

Inaccurate  data. 


Basically,  the  8W  needs  to  know  the  location  and  Idan** 
tifloatlon  of  every  vessel  in  his  sector.  To  get  this 
information  from  the  VTS-DACS#  he  must  look  at  two  displays  (a 
plan  position  display  and  a vessel  listing)  and  mentally 
integrate  this  Information.  To  get  supplementary  information 
(such  as  vessel  intentions,  future  encounters,  vessel  in  port, 
etc.)  from  the  VTS-DACS,  or  to  enter  information,  the  8W  must 
call  up  other  displays.  Since  he  has  only  two  display  devices, 
he  must  always  lose  a basic  display  while  using  any  supplsMntary 
display.  TO  change  a display  requires  at  least  four  keystrokes 
and  may  require  up  to  fourteen.  Because  of  computer  memory 
limitations,  there  is  a delay  of  at  least  one  second,  generally 
two  seconds,  and  possibly  ten  seconds  after  the  keying  is 
completed  before  the  requested  information  is  displayed.  Xf 
keying  is  too  fast,  or  if  power  fluctuates,  the  computer  may 
reject  a request,  forcing  the  8W  to  repeat  the  entire  keying 
operation,  in  our  limited  testing,  two-to-seven  percent  of  our 
display  requests  were  rejected.  Finally,  since  changes  in  vessel 
speeds  are  often  unreported  and  undetected,  the  displayed 
positions  and  projected  positions  are  frequently  in  error. 


The  first  consequence  of  these  problems  is  that  the  8W  fails 
to  make  full  use  of  the  capabilities  of  the  VTS-DACS.  Both  the 
usage  ratings  of  displays  made  in  the  interviews  and  the 
observations  of  watohstanders  at  work  showed  that  SWs  tend  to 
use  only  those  displays  they  can't  avoid  using,  rarely  calling  up 
supplementary  information.  Xn  particular,  the  display  that 
should  be  the  basis  for  every  traffic  advisory  (Traffic  Status 
Summary) , requiring  excessive  keying  and  subject  to  excessive 
delay,  is  almost  never  used. 


A second  consequence  of  this  situation  is  that  the  Vessel 
status  Card  tracking  and  reference  system  is  still  relied  on 
heavily  for  information.  About  one-quarter  of  the  SW's  time  is 
spent  in  maintaining  and  using  it,  and  it  seams  unlikely  that  it 
can  be  dropped  until  the  VTS-DACS  can  be  made  more  responsive  to 
the  SH's  needs. 
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A second  problem  area  concerns  workspace  illumination*  The 
stress  questionnaires  yielded  consistent  reports  of  sohing  or 
burning  eyes  and  tiredness,  also  noted  in  two  interviews.  One 
cause  of  this  could  bs  the  need  for  frequent  visual  readaptation 
to  varying  levels  of  brightness  in  the  visual  field,  particularly 
to  glare  spots  in  a generally  dim  environment. 


k third  area  of  possible  problems  was  identified  from 
comments  in  the  interviews  to  the  effect  that  the  present 
arrangement  of  equipment  inhibits  interactions  among  SW's, 
prevents  them  from  keeping  up  with  the  systen^wide  traffic 
situation,  and  makes  group  cooperation  in  problem  situations 
difficult. 


i I 

H Consideration  of  these  problems  and  additional  Information 

jl  from  the  observations  and  Interviews  leads  T8C  to  offer  some 

recommendations.  The  feasibility  and  desirability  of 
implementing  these  suggestions  can  not  be  determined  from  this 
study;  however,  the  ideas  seem  worthy  of  note  and  possible 
further  study. 
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a.  Add  additional  television  sites  to  sector  XXI. 

b.  Add  a radar  site  to  Sector  XX. 

c.  Provide  additional  computer  display  scopes  at  Sector 
watohstander  positions. 

d.  Reprogram  the  VTS«OACS  display  formats  to  eliminate 
unnecessary  displays,  to  add  entry  time  to  the 
vessel  Departures  sheet,  and  to  allow  expansion 
and  off-centering  of  the  Dead  Reckoning  sheet. 

e.  Increase  the  computer  memory  capacity  to  permit 
reduction  in  display  delay  times. 

f.  Add  more  function  keys  to  the  keyboard  to  reduce 
the  number  of  keystrokes  required  for  requests 
and  commands. 

g.  Provide  a trackball  or  joystick  for  cursor  con- 
trol on  the  VTS-DACS  displays. 

h.  Extend  the  tracking  algorithm  to  include  pre- 
dictions of  changes  in  vessel  speed. 

i.  Obtain  a more  stable  power  supply  for  the  VTS-DACS. 

j.  Reorient  and  shield  the  radar  PPX's  to  reduce  glare. 

k.  Increase  room  illumination  to  the  level  of  television 
and  computer  displays. 

l.  Mask  down  the  brightness  of  self-illuminated 
panel  buttons. 

m.  Conduct  follow-on  stress  evaluations  as  an  aid 
to  evaluation  of  the  twelve-hour  watch  schedule. 

n.  Study  the  relative  merits  of  grouped  versus  seg- 
regated sector  positions. 

o.  Provide  at  least  one  position  for  a full-time 
training  instructor. 
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Bst«bll«h  a Mt  of  orltorla  for  Mltotlon  of 
poraonnol  for  VTS  duty. 
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IMTRODOCTION 
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I In  order  to  reduce  the  probability  of  veaeel  collieione  and  | 

I groundings  in  crowded  waterwaya,  and  to  keep  individual  veeselr  ;j 

apprised  of  the  total  traffic  situation,  the  08  coast  Guard  is 
j operating  several  Vessel  Traffic  Services  (VTS's).  To  profit 

I from  the  experience  gained  in  operating  these  VTS's,  both  to 

I improve  present  services  and  plan  future  services,  the  coast 

Guard's  Office  of  Research  and  Development  has  undertaken  a broad  1 

program  of  analysis  of  VTS  operations.  I 


Human  performance  is  basic  to  the  operation  of  a VTS.  The 
principal  product  of  a VTS  is  a traffic  advisory  communicated  by 
a VTS  watchstander  to  a vessel  master  or  pilot  via  VHF  radio. 

The  value  of  the  advisory  is  dependent  on  tbs  skills  of  the 
various  %«toh8tanders  in  acquiring  and  monitoring  traffic  data. 

In  integrating  the  data  into  a coherent  picture  of  present  and 
anticipated  traffic,  and  in  composing  and  delivering  a clear, 
concise  and  accurate  traffic  advisory.  Therefore  the  Coast  Guard 
has  recognised  that  any  model  of  VTS  operations  and  productivity 
must  include  the  influence  of  watchstander  performance  on  system 
performance.  The  Coast  Guard's  Office  of  Research  and 
Development  has  commissioned  the  Human  Factors  Branch  of  the 
Department  of  Transportation's  Transportation  Systems  Center 
(T8C)  to  obtain  and  analyse  data  on  watchstander  performance  and 
to  integrate  the  results  into  models  of  watchstander  activity  and 
productivity. 


1.2  SCOPS 


For  its  first  year's  work  on  this  study  of  VTS  watch- 
standers,  TSC  has  undertaken  the  collection  and  analysis  of  data 
on  watchstander  activities  in  routine  operations  in  four 
operating  VTS's]  Houston-Galveston,  Puget  Sound,  New  Orleans  and 
san  Francisco.  This  report  presents  the  initial  results  of  the 
analysis  of  the  first  VTS  — Rouston-Oalvoston. 
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2.  DESCRIPTION  OF  HOUSTON- GALVESTON  VESSEL  TRAFFIC  SERVICE 


2.1  PwrjgSffe  Ql  mu 


The  Porta  and  Natarwaya  safaty  Act  of  1972  authorlaaa  tha 
Coaat  Guard  to  oparata  vaaaal  traffic  aarvloaa  (VT8*a)  In 
daaignatad  araaa  to  "...pravent  oolllaiona  and  groundinga  and  to 
protaot  tha  navigabla  watara  of  tha  VTS  Araa  from  anvlronmantal 
harm  raaultlng  from  oolllaiona  and  groundinga."*  VTS*a  maat  thia 
objaotlva  "...  by  providing  pilota  and  maatara  of  vaaaala 
information  oonoarning  vaaaal  traffic  conditiona  and  navigational 
haaarda  that  would  otharwiaa  not  ba  availabla  to  thorn."** 


2.2  SsoiuL 


2£  lifis-s&L 


Tha  Houaton-oalvaaton  Vaaaal  Traffic  sarvioa  (HOU-QAL  VTS) 
provldaa  a 2<l-hour  sarvioa  to  throa  major  ports  (Houston » 
Qalvaston  and  Taxaa  City)«  aavaral  sub-porta,  and  mora  than  70 
milaa  of  navigabla  ohannala.  Tha  VTS  handlaa  about  250  transits 
par  day***  aoma  20  paroant  of  which  are  ships,  80  psreent  tows 
(bargas  puahad  by  tug  boats) . Bseauss  of  tha  narrownass  of  tha 
Houston  Ship  Channal  (300  to  400  fast)  and  tha  shallownaaa  of 
Qalvaston  Bay,  thsra  is  ralatlvely  llttla  traffic  othar  than 
oommarclal.  Tha  oommaroial  traffic  voluma  is  inoraasingt  ovar 
tha  first  two  yaara  of  VTS  oparation  (March  197S-Maroh  1977) , 
traffic  load  Inoraaaad  by  38  paroant.  Ovar  60  paroant  of  tha 
cargo  tonnaga  in  tha  syatam  is  dangarous  — patrolsum,  liquafiad 
natural  gas  (LNG) , acatona,  ohamioal  fartilizars  and  sulfuric 
acid  — maVing  Houston  tha  nation's  laading  port  in  tarms  of 
dangarous  and  volatila  oargoas. ****  All  of  this  traffic  movas  in 
narrow,  shallow,  oftan  winding  ohannala  lined  with  soma  300  docks 
and  industrial  faoilitlas.  Figure  2-1  shows  tha  principal 
oharactaristios  of  tha  HOU-QAL  VTS  araa,  including  its  dlvlalon 
into  three  sectors  to  facilitate  information  procassing. 


Tha  HOU-QAL  VTS  is  based  on  a voluntary  Vassal  Movement 
Reporting  System  (VNR8) , in  which  participating  vassals  report 
their  position  to  tha  vassal  Traffic  canter  (VTC)  via  VHF-FM 
radio  from  designated  reporting  points,  and  the  vre  radios  back 
advisoriss  on  traffic  and  related  conditions.  Burvsillanoa  is 


*C2U  21  filSUillUmr  33CFR161.101 

^™gst  m yriifig  stn^ti  iiiiuiii,  *1.1.2 

***8tatlstics  provided  by  HOU-QAL  VTS 

****0'Hara,  B.  "How  to  Quids  Ships  Through  a Dangarous  Portt  VTS 
Doss  it  in  Houston."  Transportation  USA,  1,  2,  p.6-10,  1977 
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aided  by  a preeleion  radar  elte  in  Qalveeton  (affeotlve  range  6 
nautloal  mllee)  and  four  oamera  altee  (2  oamerae  par  site)  for  a 
oloeed-cirouit  low-light-level  television  (LLLTV)  s^tem  along 
the  northeastern  portion  of  the  Houston  Ship  Channel.  To  assist 
the  Coast  Guard  watohstanders  at  ths  VTC,  a Data  Acquisition  and 
Control  System  (VTS-DACS)  accepts  manually  input  information  on 
each  vessel  (location*  epaed*  destination*  etc.)*  automatically 
computes  a track  for  each  vessel  by  dead  reckoning*  and  presents 
track  data  and  listings  of  summary  information  on  cathode  ray 
tube  (CRT)  displays. 


2.3  Functions 


A standing  order  of  the  HOU-QAL  VTS  lists  their  traffic 
control  functiona*  in  "marching  order"*  as  followst 


Monitor 

Anticipate 

Inform 

Caution 

Direot  (only  when  necessary) . 


2.3.1  ManAtgging 


Monitoring  the  traffic  situation  involves  orsatlng  and 
maintaining  as  aeourate  a picture  of  the  current  traffic 
situation  as  available  data  permit.  This  picture  is  based  on  the 
VMR8  position  reports*  supplemented  by  whatever  surveillance 
(radar*  television)  information  is  available. 


The  baeio  display  of  euch  information  is  the  Dead 
Reckoning  Plot  sheet  (OR) * a CRT  display  produced  by  the  VTS- 
DACS.  A DR  display  covers  only  one  sector  of  the  system;  thus  to 
survey  the  entire  system  one  must  either  call  up  three  successive 
displays  on  one  CRT  or  view  three  separate  CRT's.  Since  the  DR 
display  does  not  include  identity  tags*  it  is  usually  paired  with 
a Vessels  Underway  Sheet  (VU) * displayed  on  a second  CRT*  which 
lists  the  names  and  basic  data  of  vessels  underway  in  the  sector. 
Several  other  listings  of  traffic  information  are  available* 
usually  called  up  on  the  CRT  used  for  the  VD  sheet,  (see  section 
2.6.2  for  a more  detailed  description  of  available  displays  and 
Appendix  A for  examples) . 


Prior  to  inauguration  of  the  VTS-DACS*  the  traffic 
lioture  was  maintained  on  a large*  wooden  plotting  board.  Slits 
n the  board  represented  locations  in  the  system*  and  each  vessel 


2-3 


in  th«  ayitem  was  repxeaantad  by  a manually  praparad  vaaaal 
atatua  card  plaoad  in  tha  apraoprlata  allt.  The  carda  and 
amallar  varsiona  of  the  board  (one  for  each  aeotor)  are  atlll 
maintained  aa  a backup  to  the  OACS. 


veasela  entering  the  ayetem  report  via  the  VMR8»  or  are 
detected  on  radar  or  televiaion  dlaplaya  and  called  by  the  VT8. 
The  watohatander  manually  preparea  a veaael  atatua  card 
containing  auch  information  aat 


Name 

ID  (an  identlfioation  number  aupplied  by  the 
computer) 

Type 

nitry  Poaltion 

Deatination 

Tow 

Draft 

Length  overall  (LOA) 

Beam 

8peed  of  Advance  (80A) 


(Figure  2-2  nhowa  a typical  veaael  atatua  card) . 


The  Information  on  the  card  ia  entered  into  the  DACS 
computer  via  the  keyboard,  ualng  a Vaeael  Statua  Sheet  (88)  on 
one  of  the  CAT's.  The  88  contains  essentially  tha  same 
information  as  the  cards  plus  Information  added  by  the  computer 
(such  an  veaael  ID  and  conversion  of  locations  to  quarter-mile 
cell  numbers) . If  tha  entry  contains  an  entry  call,  exit  call 
and  BOA,  the  computer  immediately  starts  dead-reckoning  the 
vessel's  position  and  updating  appropriate  displays  every  IS 
seconda . 


Following  keyboard  entry,  the  vessel  status  card  ia 
time  stamped  and  placed  in  the  appropriate  slit  in  the  plotting 
board.  Periodically  the  cards  are  ad/anced  on  the  plotting 
board. 


2.3.2  ftntiglBalAM 


The  watohatander  anticipates  future  traffic  situations 
by  mentally  extrapolating  from  the  current  situation.  This 
involves  prediction  of  passing  and  overtakina  situations 
primarily.  Present  position  and  80A  are  used  to  dead-rsokon 
future  positions,  with  modifications  for  expected  changes,  some 
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FIGURE  2-2.  EXAMPLE  OF  A VESSEL  STATUS  CARD 
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changes  are  based  on  reported  Intentions;  others  depend  on  the 
wstohetander'e  experience— for  example,  ttnowlng  where  vessels 
will  typically  speed  up  or  slow  down.  Where  available,  radar  and 
television  Imagery  are  used  to  verify  expectations  and  to  detect 
unexpected  or  unreported  situations  that  require  changes  in 
anticipated  events. 


Us  an  aid  to  dead- reckoning,  the  VTS-DkCS  will  produce, 
on  request,  a Traffic  Summary  Sheet  (TB)  for  a given  vessel. 

This  CRT  display  lists  all  expected  encounters  between  the  named 
vessel  and  other  vessels  in  the  system,  giving  for  each  encounter 
the  vessel  identification,  time  of  encounter,  location  of 
encounter  (cell  number),  and  direction  of  movement.  This  display 
will  list  only  vessels  that  have  been  entered  into  the  computer 
and  is  based  on  linear  extrapolation  of  the  speed  and  location 
currently  in  memory.  The  watchstander  may  correct  speed  and 
location  data  in  the  VTS-DkCS  memory  by  keyboard  entries  as  the 
traffic  situation  develops. 


2.3.3  inftgBtnsr 


The  watohstanders  inform  the  vessels  in  the  system  of 
relevant  traffic  situations  by  providing  traffic  advisories. 
Every  vessel  is  provided  individual  advisories  through  VHE-rM 
radio  transmissions,  kn  advisory  may  contain  any  or  all  of  the 
following  elements t 


knticlpatsd  traffic  (meeting,  overtaking  or  crossing) 

Discrepancies  in  Aida  to  Navigation 

channel  hasards  or  obstructions 

Weather  warnings  and  information 

Traffic  controls 

Any  other  information  which  may  affect  vessel 
traffic  safety  or  the  port. 


A traffic  advisory  is  providad  each  vessel  as  it  enters 
the  VTS  system,  at  every  movement  reporting  point,  and  at  any 
other  time  when  it  is  apparent  that  changing  conditions  warrant 
it. 


A typical  traffic  advisory  follows]  "DORLI  this  is 
HOUSTON  TRAFFIC I the  display  shows  two  Inbound  ships  above  Buoy 
IS,  one  ship  getting  underway  from  Bolivar  anchorage  bound  for 
Galveston,  one  tow  coming  out  from  Pelican  Cut.  Buoy  25  is  off 
station.  Over." 
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2.3.4 


cautioning 


Whan  an  unusual  avent  ooours*  avary  vaaaal  that  aould 
. ba  affaotad  by  it  is  givan  a apaoial  advisory  in  suffioiant  tlma 

for  tha  Maatar  or  Pilot  to  initiata  appropriata  action.  Dnuaual 
avanta  include t 

1 % 

! chann«l  oloauraa  ordarad  toy  hlghar  authority 

( 

! Controllad  traffic  situaticna  ordarad  by 

, higher  authority 

I Dangerous  conditions  In  tha  port 

I 

Major  collisions,  fires,  groundings,  ate. 

Any  other  situation  judged  dangerous  by  tha 
VTC  Watch  Officer. 


A caution  advisory  includes  a brief  description  of  tha 
situation  followed  by  timely  updates,  channel  conditions 
(closed,  blocked,  hasardous,  etc.)  are  included,  and  tha  vassal 
is  raguastad  to  report  its  intentions. 


2.3.5  PAliaUPg 


Although  tha  hou-qal  vts,  being  a voluntary  service, 
does  not  have  direct  authority  to  control  traffic,  each  Captain 
of  tha  Port  (COTP)  in  tha  VTS  area  not  only  has  such  authority 
for  anarganoy  situations  but  must  coordinate  such  control  with 
tha  VTS.  Beyond  relaying  orders  for  vessel  traffic  control 
through  the  VTS,  the  COTP'w  have  delegated  their  authority  to  the 
Watch  supervisor  on  duty  in  situations  requiring  Immediate 
direction  and  control  of  vessel  traffic.  This  authority  is  used 
sparingly  and  must  never  include  (or  imply)  direct  orders  for 
control  of  veasel  apead  or  direction  (such  as  "stop  engines'*, 
"slow  ahead",  turn"  or  "back  down.")  A direction  will  generally 
include  a statement  imposing  the  necessary  restrictions,  a 
description  of  the  olrcumatances  requiring  them,  and  the 
requirement  that  the  vessel  report  its  intentions. 


Typical  directing  advisories  followi  "8BA  8PBED  this 
Is  HOUSTOW  TRAFFIC.  Ous  to  severs  channel  congestion  between 
Qreens  Bayou  and  aims  Bayou  proceed  at  reduced  speed t do  not 
overtake  the  tug  STARLXQHT.  Report  when  passing  Sims  Bayou." 
"PURPLE  RAY  this  is  HOUSTON  TRAFFIC.  A fire  has  been  reported  in 
the  Texas  City  Canal.  Captain  of  tha  port  Qalveston  has  closed 


li, 
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the  oanal  ohanneX  pending  further  inveatlgation.  You  are 
aireoted  not  to  enter  the  Texas  city  canal.  Please  report  your 
Intentions.  >* 


2.3.6  !f^nsaLjL9nt 


In  addition  to  these  basic  traffic  service  funotionsr 
the  HOU-CAii  VT8  will  relay  massages  between  coast  Guard  units  and 
between  vessels  and  on-shore  company  installations  when  it  does 
not  Interfere  with  the  basic  functions. 


To  be  able  to  perform  the  VT8  funotlono»  watohstanders 
also  perform  such  support  functions  as  preparation  and 
dissemination  of  records,  reports  and  messages,  and  training. 


2.4  Manning  and  Bchedulino 


2.4.1  stnml  HiniUna 


At  the  time  of  this  study,  the  R0U-0AX>  VT8  had  a oom- 

J lament  of  30  operational  personnel,  6 officers  and  24  enlisted, 
tvided  among  four  Watch  sections  as  shown  in  Table  2-1.  Bach 
section  Included  one  officer,  at  least  three  watohstanders 
qualified  on  all  sectors,  and  several  trainees. 


2.4.2  aiitsfelgn 


Full  iiieutenants  with  seagoing  experience  as  Operations 
Officer  on  a High  Endurance  Cutter  or  a Low  Endurance  cutter,  or 
as  commanding  Officer  of  a Patrol  Boat,  are  needed  as  Hatch 
supervisors.  Anyone  with  average  or  above  average  proficiency 
and  due  for  a shore  assignment  may  be  selected  for  a VT8  Watch- 
stander  assignment.  Special  consideration  is  given  to  those  who 
volunteer  for  the  assignment.  In  general,  VT8  watohstander 
assignments  have  been  made  from  Radarman  and  Quartermaster 
ra tinge. 


i 

i 





TABLE  2-1 


HOU-QAL  VTS  OPERATIONAL  COMPLEMENT 


CDR  Commanding  officer 
LCDR  Executive  Officer 


LT 

RDCS 

RDC 

QMC 

RDl 

QMl 

RD2 

QM2 

RD3 

QM3 


Section  1 

1 

1 


2 

1 

1 

1 

1 


Sflgtign  2 

1 

1 


Section  3 
1 


Section  4 

1 

1 


2.4.3 


Training 


Training  la  primarily  on-tha- job  (OJT) . Brlaflnga  and 
orientation  tripa  are  arranged,  but  there  la  no  formal  schedule 
of  classes.  The  training  la  managed  by  a CPO,  but  there  are  no 
’'instructors'*  in  the  usual  sense.  Every  trainee  must  oomplete  36 
training  units,  designed  to  be  aooompllshed  in  eight  weeks; 
however,  each  trainee  proceeds  at  his  own  pace,  some  finishing  in 
six  weeks,  occasionally  someone  failing  to  qualify  at  all. 
Generally,  it  takes  up  to  six  months  for  a watohstander  to  become 
fully  proficient. 

The  basic  elements  of  the  training  course  are: 

susonfil  snd  Tfftgn?  orientation  rides  on 

various  vessels;  study  of  charts,  slides,  photos,  TV 
imagery,  radar  Imagery;  vessel  identification;  tow 
makeups;  types  of  cargo;  maneuvering  problems,  and 
rules  of  the  road. 


VTC  Operation.  Voice  procedures,  operation  of  all 
equipment,  record  keeping,  charts  and  publications. 


Examinations.  Written  exam  by  Senior  Watch  Officer  or 
Training  CPO;  oral  exam  by  the  Commanding  Officer,  and 
practical  exam  by  a Watch  Officer. 


2.4.4  work  schedule 


There  is  a regular  rotation  of  the  four  watch  sections 
through  watches  and  days  off.  While  field  data  were  being 
collected  for  this  study  the  VTS  changed  from  an  eight-hour  watch 
to  a twelve- hour  watch.  Both  schedules  involve  the  same  ratio  of 
duty  to  off-duty  time.  The  new  schedule  is  four  days  on,  four 
days  off,  whereas  the  old  schedule  was  twelve  days  on,  four  days 
off.  Thus  more  time  on  watch  with  less  time  off  on  duty  days 
have  been  accepted  to  obtain  more  frequent  blocks  of  off-duty 
days  (see  Table  2-2). 


Typically,  during  a watch,  the  watchetanders  rotate 
through  the  three  sector  and  the  xc  positions,  changing  position 
every  two  hours  at  the  ws's  direction. 





HOU-QAL 


I 

i 

I 


New  Schedule 

Tab! 

HU 

aaflh..X 

06-18 

1 

18-06 

2 

Week  2 

06-18 

4 

18-06 

3 

afiAk-i 

06-18 

3 

18-06 

4 

flId-S.c.hft4ulg 


W.ftaH..X 

00-08  1 

08-16  3 

16-24  4 

aaflli Z 

00-08  2 

00-16  1 

16-24  3 

KaaK-.X 

00-08  3 

08-16  4 

16-24  2 


I 
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! WATCH  SCHEDULES 

.a  Entries  are  Watch  Sections  (1-4) 

T ..T,  ■ ■ 


1112  2 2 

3 3 3 1 1 1 

4 4 4 3 3 3 


4 4 4 4 3 3 
2 2 2 2 4 4 
11112  2 


3 11112 

4 3 3 3 3 1 

2 4 4 4 4 3 
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2.5  P9^^^t9np 


1 


Tht  H0U-6AL  VTS  provides  its  ssrvloss  by  assigning  various 
aotivitlss  to  tha  following  operating  (or  duty)  positions^  Match 
supervisor  (WS) , sector  Watchstandor  (8N) « and  External 
Communicator  (XC) . A basic  Watch  Section  is  comprised  of  one  W, 
three  sw<8  and  one  XC.  In  addition#  an  electronics  teohnlcian  is 
on  call#  and  one  or  more  trainees  may  be  performing  8W  duties 
under  supervision  of  a qualified  8W. 


2.5.1  lafcZll  gaPTYilPr 


The  watch  supervisor  is  an  officer  who  is  responsible 
for  the  total  VTS  operation  during  a watch#  having  the 
responsibilities  of  Officer  of  the  Deck  (OOD)  as  defined  in  08C0 
Regulations  (CQ>300).  The  ws  is  the  direct  representative  of  the 
Commanding  Officer#  and  for  emergency  situations  has  been 
delegated  the  traffic  control  authority  of  tha  COTP.  The  WS 
stays  continually  aware  of  all  activities  of  the  VTS  during  his 
watch*  Re  assigns  his  personnel  to  the  various  operatinc 
positions#  supervises  their  performance#  and  rotates  position 
assignments  as  circumstanoea  require.  Ciroumstanoea  beyond  the 
scope  of  control  of  sw's  are  referred  to  the  WS}  in  turn#  he 
notifies  the  CO  or  other  authorities  of  matters  beyond  his  scope 
of  control.  He  is  also  responsible  for  internal  unit  safety# 
physical  security#  and  the  training  of  his  watch  Section 
personnel. 

The  WS  has  the  authority  to  draft  and  release  messages 
and  is  responsible  for  proper  message  composition#  disssmlnation 
and  filing.  He  must  also  maintain  the  following  records}  Dally 
Unit  Log#  Daily  Equipment  Status/Servloe  Log#  Aids  to  Navigation 
File#  Daily  Message  Files#  and  Daily  vessel  Tally. 


2.5.2 


Sector  watchs tender 


Each  sw  conducts  the  basic  VTS  functions  (monitor# 
anticipate#  inform,  caution  and  direct)  for  all  traffic  in  his 
sector.  He  monitors  appropriate  VNF-FN  channels  and  comma nicateo 
with  pilots  and  masters#  receiving  traffic  Information  and 
issuing  traffic  advisories#  operating  his  radio  control  equipment 
as  required.  On  receipt  of  traffic  data  he  enters  the 
Information  on  Vessel  Status  cards  and  transcribes  it  to  the  VTS- 
DACS  memory  via  the  terminal  keyboard.  He  time-stamps#  files  or 
hands  off  Vessel  status  Cards  as  required.  He  monitors  traffic 
on  the  VTS- DACS  CRT  displays#  calling  up  various  displays  via  the 
keyboard  as  needed.  He  continually  cross-checks  tha  displayed 





traffic  situation  against  all  othar  availabls  Information  (such 
as  monltorsd  radio  aoimunlaatlons«  tslsvlslon«  and  radar 
displays),  setting  and  adjusting  assoeiatsd  aqulpmsnt  as 
rsqulrsd.  Hs  antlolpatss  developing  traffic  problems  and  advises 
the  maeters  and  pilots  in  time  for  them  to  Initiate  corrective 
action.  If  the  situation  rsqulres  It,  he  Issues  such  directions 
as  not  to  enter  certain  areas,  not  to  overtake  certain  traffic, 
not  to  enoaed  a certain  speed,  and  the  like.  Hhen  the  situation 
permits  or  requires  It,  he  assists  other  agencies  (Coast  Guard 
units.  Industrial  organisations,  etc.)  by  relaying  messages  via 
his  communications  equipment. 


2.5.3  External  Communicator 


The  XC  functions  basically  to  assist  the  WS.  Re 
generally  handles  routine  Incoming  enquiries  about  traffic  in  the 
system  and  other  matters,  kt  the  direction  of  the  WS,  he  may 
assist  a busy  sw  by  entering  data  Into  the  VT8-DACS.  In 
practice,  when  traffic  is  light,  the  XC  duty  functions  as  a 
relief  assignment.  With  WS  approval,  the  XC  may  eat  lunch, 
study,  or  leave  the  room  for  personal  matters.  The  XC's  VTS-DAC8 
terminal  Is  often  used  for  demonstrations  for  visitors,  practice 
by  trainees,  and  familiarisation  with  the  traffic  situation  by 
relieving  watohstanders. 


2.6  aad  WMhiMgf 


2.6.1 


2ai£*Zll  R*aio  *nd 


The  HOU-6A1  VT8  Is  equipped  with  VMF-FN  communloations 
with  a microwave  relay  and  control  system.  Radio  coverage  is 
provided  by  three  high  level  transmitting/receiving  sites-oona 
for  each  sector.  Six  radio  frequencies  (channels)  have  been 
assigned  to  the  VT8. 


Bach  of  the  five  operating  positions  at  the  vre  has  a 
communications  console  which  Includes  controls  for  selection  of 
sites  and  channels  for  monitoring  and  transmitting,  along  with 
volume  and  squelch  controls  as  needed. 


The  channel  assigned  specifically  for  VT8  communi- 
cations concerning  vessel  traffic  management  is  Channel  12. 

Using  a monaural  headset,  each  sw  continuously  monitors  channel 
12  through  the  site  assigned  to  his  sector  and  can  transmit  over 
that  channel  by  actuavlng  either  a press-to-talk  switch  on  the 
console  or  a foot  pedal. 
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channel  13  is  reserved  for  bridge- to> bridge 
ooiiifflunloatlons.  sinoe  inter-vessel  oommunioatlons  are  a rloh 
source  of  information  about  vessel  traffic  and  intentions,  the  SW 
monitors  Channel  13  via  a speaker  on  his  console.  It  a vessel 
cannot  be  reached  on  Channel  12,  the  SN  may  oontaot  it  via 
Channel  13  and  ask  it  to  oall  back  on  Channel  12  or  Channel  6. 
Channel  6,  for  authorised  operational  and  administrative 
oommunloations  with  eommeroial  vessels,  is  generally  limited  to 
non-VTS  oommunloations,  as  is  channel  14,  the  port  operations 
frsqusnoy.  Channel  22k  la  used  primarily  for  oommunioation  with 
coast  Quard  units. 


The  HS  monitors  Channel  16,  the  International  Calling 
and  Distress  frequenoy,  to  detect  emergencies  and  provide 
assistance  as  necessary.  Transmission  on  Channsl  16  is  limited 
to  situations  when  a vessel  cannot  be  reached  on  Channels  12  or 
13. 


Each  communications  console  also  contains  whatever 
telephone  equipment  is  appropriate  for  the  position.  Figure  2-3 
shows  the  communications  console  at  the  xc  position. 


2.6.2  vessel  Traffic  Data  Acquisition  and  control  Bystesm 


The  VTS-DACS  is  a computer-based  system.  It  accepts 
information  entered  manually  by  watohstandars,  computes  vessel 
movements  by  dead  reckoning,  stores  data,  and  displays 
information  when  requested  by  keyboard  action.  The  computer  and 
associated  equipment  are  located  in  a separate  equipment  room  and 
are  connected  to  each  VTC  position  via  a VTS-OkCS  terminal.  Bach 
terminal  includes  two  black  and  white  CRT  display  units  and  a 
Command  Keyboard.  The  WS  is  provided  with  two  VTS-DACS 
terminals. 


Seven  general  categories  of  display  formats  (sheets) 
are  available  for  presentation  on  any  CRT  unit.  These  sheets 
ares 

SB  - Vessel  status  sheet  for  each  vessel 
DR  - Dead  Reckoning  Plot  Sheet  for  each  sector 
vu  - Vessels  Underway  Sheet  for  each  sector 
IP  - Vessels  Xn-Port  sheet  for  each  port 
TR  - Traffic  Summary  sheet  for  each  vassal 
DE  - vessel  Departures  Sheet  for  the  VTS 
DX  - command  Dictionary. 

Examplee  of  these  formats  are  given  in  Appendix  A. 
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FIGURE  2-3.  A COfOIONICATIONS  CONSOLE 


V«ifl  ah— t.  This  display  aummarlBas  all  of 

the  data  available  on  a given  veeael  in  the  ■yetem.  It  ia  oalled 
up  when  data  are  initially  entered,  when  new  information  muat  be 
entered,  or  when  the  watohstander  wishes  to  refer  to  the 
information. 


CSifl  Rspkonino  Plot  fijoaft.  A separate  DR  sheet  is 
available  lor  each  seotor.  Basioally,  the  ssotor  is  divided  into 
one- quarter-mile  oells,  each  —11  represented  by  a one-oharaoter 
column  on  the  display.  The  DR  sheet  may  be  presented  in  any  of 
four  formats.  Format  A is  always  showni  it  identifies  key 
reference  points  and  oheok  points,  indicates  for  eaoh  oell 
whether  or  not  it  Is  — oupied  by  ves—l  traffic,  inoludlng  the 
number  of  vessels  in  the  oell  and  direction  of  movement,  shows 
sector  boundaries,  buoys,  and  other  channel  data,  and  has  some 
space  for  special  comments.  Format  A t B adds  to  Format  A a 
location  identlfioatlon  for  eaoh  oell.  Format  A e C adds  to 
Format  A the  number  of  eaoh  cell.  Format  A ♦ B t C presents  all 
data.  Eaoh  combination  may  be  aeleoted  by  a single  key  action. 
The  DR  sheet  is  automatically  updated  every  15  seoonds. 


The  watohstander  generally  keeps  the  DR  sh— t for  his 
seotor  continually  displayed  on  one  CRT.  This  display  is  the 
basic  pictorial  plot  of  seotor  traffic  and  is  the  BN's  primry 
reference. 


, , Xtifftil  yndamv  This  display  lists  every 

vessel  in  a seotor.  Including  name,  XD,  cell  location,  speed, 
next  check  point  and  estimated  tine  of  arrival  at  the  next 
checkpoint  for  both  inbound  and  outbound  traffic.  Unless  other 
displays  are  in  use,  the  VU  sheet  is  continuously  displayed  on 
the  sw's  second  CRT.  It  is  automatioally  updated. 


Vessels  In- Port  Sheet,  separate  IP  sheets  are 
available  for  Houston,  Qalveston,  and  Texas  City.  Bach  sh— t 
lists  ships  docked  within  the  port,  giving  Identifying  data  and 
other  remarks. 


Traffic  summary  gheet.  This  display  lists,  for  a 
selected  vessel  and  area,  all  of  the  other  traffic  the  vessel 
will  encounter  within  the  area  and  when  and  where  the  encounters 
will  take  place  (as  predicted  by  dead-reokoning  extrapolation). 
It  Is  Intended  as  a basic  referenoe  for  the  SH  when  preparing  a 
traffic  advisory.  It  la  static  when  displayed,  showing  the 
status  as  of  the  time  It  was  oalled  up. 


. I'l vn-.. ■ ■ ■i.  . 


IlllSi  Dtpayturea  This  display  lists  svsry 

vassal  that  has  Isft  ths  systam  during  tha  currant  day  (aroapt 
ships  dookad  in  port) . It  is  printad  out  off-lina  at  tha  and  of 
each  day  at  a parmanant  raoord. 


CoMiand  piot^nary.  This  display  ainply  lists  tha 
commands  that  may  ba  givan  tha  VTS-DACS  via  tha  command  kayboard. 


Figura  2-4  shoas  a VTS-DkCS  terminal  at  ona  8W  poaition 
and  a olosup  o£  a typical  display  on  tha  CRT. 


2.6.3  mmaian 


Tha  HOO-akL  VT8  has  four  olotsd-clrouit  tslavision 
survalllanoa  sitat.  At  aaoh  sits  tao  oamaras  ara  mounted  so  that 
each  can  ba  rotated  through  a full  horisontal  cirola.  loom 
optics  permit  a continuous  range  of  adjustment  of  focal  length. 
Two  sites  ara  in  sector  ZX»  tao  in  Baotor  XXX. 


At  tha  VTC,  tha  W8,  saix  and  8MXXX  positions  aaoh  have 
a TV  console  containing  four  sida-by-sids  taalva-inoh  monltorSf 
sat  on  top  of  ths  communications  consols.  Bach  monitor  is 
limitsd  to  one  aits.  Each  consols  has  controls  available  and 
within  reach  of  ths  seated  aatohstandar  to  salaot  either  camera 
at  each  aits*  to  pan  or  soom  each  camera*  and  to  adjust  tha 
brightness  and  contrast  of  aaoh  monitor.  X TV  consols  can  ba 
assn  in  tha  background  of  Figure  2-4a. 


Typically  the  a»  will  set  tha  two  camaraa  at  aaoh  of 
his  two  sitae  so  that  ona  looks  up-ohannal*  ona  down-channel*  and 
will  than  arbitrarily  salaot  which  camera  at  aaoh  site  to 
monitor.  Whan  an  event  of  Interest  ooours*  ha  will  use  camera 
selection*  pan  and  soom  aotions  to  focus  on  tha  area  of  interest. 
Camera  sal action*  pan  and  soom  aotions  at  any  console  affect  tha 
corresponding  dlaplay  at  the  other  consolaat  that  is*  only  ona 
picture  can  be  displayed  in  ths  VTC  at  a givan  time  for  a given 
site. 


Two  twsnty-ona-inoh  rapaatar  monitors  ara  suspended 
from  tha  ceiling  above  the  8HXXX  poaition.  These  ara  used  for 
briefings*  demonstrations  for  vialtors*  or  group  actions.  Tha 
two  pictures  to  ba  shown  on  tha  rapaatara  ara  salactad  by  tha  wa. 
Figure  2-5  was  photographed  from  such  a repeater  display. 
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2.6.4 


Bldl£ 


Th*  MOO>Q\L  VT8  hal  OM  hl^h-Miolutlon  tadac  antenna 
and  tran«nltttna  aita  looatad  in  dalvaaton  (Saotor  I).  Tha  radar 
information  la  dlaplayad  In  plan  poaltlon  Indloator  (PPZ)  format 
on  a 16-lnoh  CRT  In  aaoh  of  too  oonaolaa  (N8  and  8NX)  at  tha  VTC. 
Baoh  eonaola  haa  off*aantar  and  rangd  aalaotlon  foatvraa  aa  trail 
aa  a ouraor  and  brlghtnaaa  and  oontraat  oontrola.  typically  tha 
dlaplay  la  aat  at  tha  S-mlla  ranga«  off-eantarad  ao  that 
oalvaaton  la  at  tha  lowar  right  and  Taxaa  City  and  tha  lotrar 
Houaton  Ship  channal  oan  bo  monltorad.  Figura  2-6  ahowa  a radar 
FPl  dlaplay. 


2.6.8  Workapaoa 


Tha  layout  of  baalo  aqulpmant  In  tha  HOO-OAL  VTC  la 
ahown  In  Figura  2-7. 

Ivory  poaltlon  haa  a VTS-OACS  tarmlnal  and  a oommunloatlona 
oonaola*  aat  at  rlght-anglaa  to  aaoh  othar.  TV  oonaolaa  ara 
plaoad  ot\  top  of  tha  oommunloatlona  oonaolaa  at  tha  ws,  mil  and 
BWZXX  poaltlona.  ona  radar  oonaola  la  aat  batvaan  tha  SNX  and 
awiz  poaltlona.  Tha  ms  haa  oommunloatlona^  TV  and  radar  oonaolaa 
and  two  VTS-DACS  tormina la.  swzxx  la  poaltlonad  ao  that  ha  can  . 
aaa  trafflo  paaaing  tha  cantgr  through  tha  wlndowai  howavar, 
drapaa  muat  oovar  tha  windowa  during  tha  day  to  raduoa  glara  on 
ttia  radar  aoopaa.  Flguraa  2-8  and  2-9  provlda  ganaral  vlawa  of 
tha  VTC  layout. 


2*7  ixsnu  ia  I ROTtint  ttiniAl 


Thla  atudv  in  llmltad  to  routlna  VT8  oparatlona.  Haro  wa 
will  daaorlba  briafly  tha  naquanoa  of  avanta  aa  a vanaal  makan  a 
normal  tranait  through  tha  ayatam.  Thia  aama  Information  ia 
diagrammad  in  datall  in  Xppandlx  B in  tha  form  of  oparatlonal 
saquanoa  Dlagrama. 


2.7.1  Entry 


oanarally  a vaaaal  inltlataa  a tranait  by  calling  In 
Ita  intantlona  to  tha  VTC  via  Channal  12  a abort  tlma  bafora 
antaring  tha  ayatam.  Tha  SH  oopioa  tha  ralavant  data  onto  a 
Vaaaal  statua  card  and  than  oalla  up  tha  88  dlaplay  on  tha  VT8- 
DkC8  CRT.  ka  information  ia  kayad  in  to  fill  tha  blanka  on  tha 
display f tha  oomputar  provldaa  aoma  additional  datai 
particularly,  it  aaaignn  an  ID  numbar  whioh  tha  8W  ooplaa  onto 
tha  card.  Whan  tha  vaaaal  actually  antara  tha  ayatam,  tha  pilot 


U'iiil'''*!''''''"'''"''  
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FIGURE  2-8.  VTC  POSITIONS 


or  maator  notlfias  the  VTC.  The  sw  copies  the  SOA  and  any  new 
data  onto  the  card  and  scans  his  displays  while  listening^  then 
acknowledges  and  gives  a traffic  advisory.  Following  this 
transmission#  the  SW  time  stamps  the  card  and  enters  the  new 
information  into  the  VTS*DAC8  by  keyboard,  completion  of  this 
entry  starts  the  VT8-DACS  tracking  the  vessel#  dead-reckoning  on 
the  entered  SOA  and  updating  all  data  every  15  seconds. 


Sometimes  a vessel  may  fail  to  make  the  initial  report# 
instead  giving  all  information  when  entering.  Sometimes#  too# 
the  SW  may  become  aware  of  an  unreported  vessel  in  the  system  by 
overhearing  hLidge-to-bridge  communications  on  Channel  13.  In 
such  cases#  he  will  attempt  to  call  the  vessel  and  enter  it  into 
the  VTS-DACS  memory. 


Tiafia.i^ 


The  ROU-GAL  VTS  has  eleven  vessel  reporting  points  — 
two  on  the  main  channel  and  three  on  side  channels  in  sector  X# 
three  on  the  main  channel  and  one  on  a side  channel  in  sector  XX# 
and  six  in  Sector  IIX  (see  Figure  2-1).  When  the  VTS-DACS  has 
tracked  a vessel  to  a reporting  point#  it  ceases  tracking#  and 
the  vessel's  symbol  on  the  DR  display  blinks.  At  about  the  same 
time#  generally#  the  vessel  will  call  In  at  the  reporting  point. 

The  SW  issues  an  advisory  and#  by  key  action#  releases  the  VTS- 
DACS  to  continue  tracking  to  the  next  reporting  point.  When  a 
vessel  falls  to  report  as  expected#  its  position  is  checked  on  TV 
or  radar  (if  in  range)  or  the  sw  calls  the  vessel  to  resolve  the 
difficulty#  updating  the  computer  as  necessary.  The  Vessel 

status  Card  is  manually  advanced  along  the  small  plotting  board  . ^ 

to  keep  pace  with  the  vessel's  progress.  In  a routine  transit  | ii 

from  the  sea  to  Houston#  a vessel  would  make  at  least  an  entry  ^ 

report#  eleven  calls  at  reporting  points,  and  an  exit  report. 


Throughout  the  transit,  all  traffic  is  monitored  by 
whatever  means  (radio,  radar#  TV)  are  available.  When 
discrepancies  are  discovered  between  apparent  position  and 
computed  position  (on  the  DR  display) , action  is  taken  to  resolve 
the  discrepancy,  usually  by  manually  entering  corrections  via  the 
VTS-DACS  keyboard.  Developing  situations  (such  as  passing# 
overtaking  or  crossing  encounters)  are  monitored#  and  the 
affected  vessels  are  given  advisories  in  time  for  them  to 
initiate  appropriate  actions  if  required. 
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2.7.3 


When  a veaaal  radio*  that  it  !•  leaving  the  ayatemf  the 
SW  acknowledge*  and  oxecut**  a VT8-DACS  *ntry  that  oanool*  out 
the  88  *h*et,  remove*  that  ve**el  from  all  active  ahaeta,  and 
add*  It  to  the  DX  liat.  The  8W  then  time  etampa  the  Veaael 
statu*  card  and  hand*  it  to  the  N8«  who  oopiaa  the  name  and  entry 
and  exit  point*  and  time*  onto  a Dally  Veaael  Tally  log. 

An  exception  to  thia  exit  routine  i*  the  oaae  of  an 
inbound  ahip  arriving  at  a dock.  In  thia  oaae*  the  8W  execute*  a 
docking  action  which  retain*  the  88  ah«*t»  enters  the  ahip  onto 
the  appropriate  ZP  list,  and  remove*  It  from  all  aotiv*  ahaeta. 

He  makes  out  a new  vessel  Status  Card  and  files  it  in  an  In-port 
file,  then  stamps  and  hands  over  the  old  card  to  the  W8  for 
logging. 


3 


COLLECTION  OP  DATA 


3. 1 SCO  pa 


Th«  data  oollectad  during  VTS  oparatlona  at  tha  HOU-QAL  VTC 
Inoludadi  fraquanoy  and  duration  of  watohatandar  aotivltiasi 
dlaplay  dalay  tlmaa  in  aomputar  oparatlona;  Intarvlam  and  atraaa 
guaatlonnairaa  individually  adninlatarad  to  watohatandara  during 
braak  pariods)  tape  and  photographic  raoordinga  and  oantar 
raoord a. obtained  to  oovar  tha  data-oollaoting  parioda. 


Watchatandar  aotivltiaa  wera  obaarvad  to  datarmlna  how  oftan 
watohatandara  parform  thalr  varioua  taaka.  Activity  fraquanoy 
data  wtra  oollaotad  ovar  a thraa-day,  mld>waak  parlod  during  a 
modarataly  danaa  traffic  load.  Plftaan  houra  of  data  wara 
obtained  to  include  five  houra  of  data  from  each  of  tha  thrae 
aaotor  poaitiona.  Tha  data  aampllng  Included  three  watoh  orewa 
(eleven  ihdivldual  watohatandera  plua  two  traineea)  and  covered 
morning#  afternoon  and  evening  time  perloda.  (See  Table  3-1). 
Duration  data#  intarviewa  and  quaatlonnalraa  ware  aooompllahad  on 
tha  aama  daya. 


3.2  Procedttrae 


3.2.1  Traffic  Paiff 


Information  on  vaaeel  traffic  In  tha  ayatem  during 
periods  of  data  collection  waa  obtained  from  VTC  recorda  and  from 
photographa  of  relevant  VTS-DACS  dlaplaya.  At  the  end  of  each 
day#  a hard  copy  of  the  Vl's-DACS  Vaaaal  Departurea  (DB)  Sheet 
(see  2.6.2)  waa  printed  out.  The  ws  maintained  a Daily  veaael 
Tally  lor  (aaa  2.7.3)  which  repeated  much  of  tha  data  in  the  DB 
sheet  and  added  the  time  that  each  veaael  entered  the  ayatem. 
copies  of  botti  of  these  records  were  obtained  for  each  day  on 
which  observations  ware  made. 


Vessel  traffic  information  for  specific  tima  parioda  in 
individual  sectors  waa  obtained  from  tha  Veasals  Underway  Sheet 
(VU) . Every  fifteen  minutes  an  experimenter  in  the  equipment 
room  called  up  the  VU  display  on  the  VTS-DACS  terminal  there# 
read  selected  Information  onto  one  channel  of  a voice  tape#  and 
photographed  both  tha  VU  and  DR  displays. 
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TABLE  3-1.  DATA-COLLECTINQ  SCHEDULE 


Amount  of  Data 


i2aiA 

Time 

SXJBH  Individual 

Collected  (min) 

9/19/77 

0830-0930 

1 

1 

A 

60 

0945-1015 

2 

1 

B 

30 

1025-1055 

2 

1 

A 

30 

1120-1150 

3 

1 

A 

30 

1220-1250 

3 

1 

A 

30 

1425-1525 

2 

1 

B 

60 

1545-1645 

1 

1 

A 

60 

1700-1800 

3 

1 

C 



6 hra. 

9/20/77 

0825-0925 

1 

1 

A 

60 

0945-1000 

1 

1 

D 

15 

1000-1045 

2 

1 

E + T* 

45 

1100-1200 

3 

1 

B 

60 

1845-1945 

3 

2 

F 

60 

2000-2100 

2 

2 

0 

60 

2105-2205 

1 

2 

H 

60 

6 hra. 

9/21/77 

0830-0930 

1 

4 

1 

60 

0945-1045 

2 

4 

J 

60 

1100-1200 

3 

4 

K + T 

. 

3 hra. 

♦T  » trainee 


1 


3.2.2  watchBtander  ftotlvitv  Data 


An  obsarvar,  aaatad  baalda  tha  watohatandar,  manually 
talllad  tha  obaarvad  aotlvltiaa  onto  an  Activity  Log  (Saa  Fig.  3> 
1) . Tha  obaarvar  initiatad  tha  data-oollaoting  aaaaion  with  a 
briaf  axplanation  oi  tha  procadura  to  tha  watohatandar.  Whan 
raady  to  atart  raoording  data,  tha  obaarvar  aignalad  an 
axparimantar  in  tha  aquipmant  room  to  bagin  tapa  raoording  voioa 
communioationa  ovar  Channal  12.  For  a ona>hour  pariod,  tha 
obaarvar  oollaotad  activity  data  at  a ainglo  aactor  and 
pariodioally  varifiad  timing  accuracy  againat  tha  digital  clock 
at  tha  aactor.  At  tha  and  of  tha  aaaaion,  tha  obaarvar  organisad 
tha  log  ahaata,  confarrad  with  tha  axparimantar  raoording 
communioationa  and  movad  to  anothar  aactor  poaition  to  rapaat  tha 
data-oollaoting  procadura. 


Tha  Activity  Log  waa  mounted  on  a clipboard  and  hald  by 
tha  obaarvar  while  raoording  data.  Acroaa  tha  top  of  tha  log 
war#  liatad  aix  major  watohatandar  activity  oatagoriaa,  thirty* 
four  aaaoclatad  aubactivitiaa  and  a Ramarka  heading.  Tha  aix 
major  watohatandar  activity  oatagoriaa  warai  (1)  Communioationa, 
(2)  Computer,  (3)  Carda,  (4)  TV,  (5)  Radar  and  (6)  Nlaoallanaoua. 
(Saa  Appendix  C for  axplanation  of  oatagoriaa.) 


Tha  log  waa  divided  into  thirty  linaa,  each 
rapraaanting  a thlrty-aacond  interval;  ao  aaoh  log  ahaat  covered 
a f if tea n- minute  obaarvatlon  period.  Aa  obaarvad,  aaoh  activity 
waa  tallied  in  tha  appropriate  column.  A timing  davloa  aignallad 
every  thirty  aaoonda,  alerting  tha  obaarvar  to  begin  raoording  in 
a new  time  interval  by  moving  down  to  tha  next  line.  Bach 
recorded  tally  rapraaantad  an  oocurranoa  of  an  activity  that  had 
bean  predefined  by  tha  obaarvar.  (Daflnltiona  of  beginning  and 
ending  of  actlvitiea  are  included  in  Appendix  C.)  When  an 
activity  continued  into  the  next  thirty-aeoond  period,  tha  tally 
mark  waa  continued  onto  the  next  line.  Tha  Ramarka  column 
provided  apaca  to  add  information  on  tallied  aotlvltiaa,  auoh  aa 
thoae  dealgnated  "other". 


3.2.3  Duration,  Delay  and  Rejection  Data 


I 


The  obaarvar  waa  fully  occupied  tallying  tha  varioua 
watohatandar  aotlvltiaa  and  could  not  time  them  beyond  extending 
tally  marka  onto  auccaaelve  thlrty*aaoond  linaa.  However,  a 
aeoond  obaarvar  uaed  a atopwatch  to  time  aeparately  aoma  of  tha 
more  critical  aotlvltiaa  of  the  watohatandara  on  duty.  Thaaa 
duration  maaauramanta  were  dona  in  batohaa-— * that  ia,  a aariea 
of  meaauramenta  ware  taken  on  a aingle  activity,  followed  by  a 
eerlea  on  anothar  activity,  and  ao  on. 
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ALTIVITY  UOG  SHEET 
definiUon  o£  headings) 


Btoausa  of  oommants  on  tha  dcloy  batwaan  kaylng  a 
raquaat  for  a display  into  tha  VTS-DhCS  and  tha  appaaranca  of  tha 
display  on  tha  CRT,  display  dalay  data  tiara  raoordad  in  tha 
aquipmant  room.  An  axparimantar  saatad  at  tha  consola  startad  a 
8top~tratah  as  ha  mada  tha  first  kaystroka  of  a display  raquast 
and  Btoppad  it  tihan  tha  oomplata  display  had  appaarad  on  tha  CRT. 
Thia  procadura  was  rapaatad  for  ona  hundrad  maasuramants. 
Similarlyf  ona  hundrad  dalay  maasuramants  tfsra  takan  for  aaoh  of 
tha  savan  diaplaya.  For  two  displays^  tha  maasuramants  wars 
rapaatad  atarting  tha  watoh  at  tha  last  (axaouta)  kaystroka  of 
tha  raquast  antry  in  ordar  to  gat  saparata  astimatas  of  kaying 
and  oomputar  rasponsa  timaa. 


Xt  was  obaarvad  that  kaying  too  fast  could  oausa  tha 
oomputar  to  rajact  an  antry.  To  ohaok  rajaotion  fraquanoiaa^  two 
display  raquasta  wars  kayad  altarnataly  ona  hundrad  timaa  and  a 
raoord  kapt  of  rajactions. 


3.2.4 


Twalva  individual  intarviaws  wara  oonduotad  by  ona 
intarviawar.  Each  intarviaw  ganarally  followad  tha  sama 
format  and  oovared  tha  sama  topics  but  was  opan-andad  in 
« nabura.  Tha  intarviawar  and  intarviawaa  wara  saatad 

oomfortably  aithar  in  tha  lounga  araa  or  tha  aquipmant  room. 
Tha  intarviawaa  was  assurad  that  ha  was  not  baing  avaluatad- 
• -rathar,  that  ha  was  halping  avaluata  tha  systarn^  and 

anonymity  was  assurad.  Tha  intarviaw  prooaadad  as  a 
oonvaraationf  with  tha  intarviawar  obsarving  tha  plannad 
format  but  fraaly  following  up  laads  and  probing  intarasting 
topics  at  hla  discration.  intarviaw  durations  rangad  from 
30  to  70  minutaa. 


3.2.5  Stress 


A quaatlonnalra  intandad  to  alloit  information  on 
subjaotiva  straas  waa  administarad  to  nina  watohatandars.  Tha 
quaationnaira  contalnad  30  itams  (20  on  body  functions#  10  on 
mood)  that  oould  ba  s'imply  ohaokad  off  by  tha  subjact.  (A  copy 
of  tha  quaationnaira  appaars  in  Appandlx  0) . During  the  oouraa 
of  tha  intarviaws,  ganarally  at  tha  and,  a saoond  axparimantar 
administarad  tha  quaationnaira.  Ha  axplainad  its  purpose 
briefly,  lat  tha  subject  read  tha  written  inatruotlona,  anawarad 
questions,  and  than  obaarvad  as  tha  subjaot  ohaokad  off  tha 
items.  Each  subject  was  given  m packet  of  16  additional  ooplas 
of  tha  quastionnalras  and  was  asked  to  fill  them  out  four  times 
dally  for  tha  next  four  days  and  to  mail  them  back  to  tha 
axpa/lmantar  in  an  envelope  that  was  provided.  Nina  subjects 
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oomplcttd  th«  first  qusstlonnslrst  six  of  thsm  cstuxnsd  ths 
oomplstsd  psoksts. 


3.2.6  Sslst 


During  ssoh  psrlod  of  sotlvlty  obssrvstlon  (3.2.2)  s 
continuous  recording  of  ths  wstchstsndsr* s volos  trsnssotlons  on 
Chsnnsl  12  wss  msds  on  one  ohsnnsl  of  s dual-ohsnnsl  iwgnstlc 
tops.  Ths  sxpsrlnsntsr  In  ths  squlpnsnt  room  opsrstsd  ths 
recorder  and  added  volos  annotations  on  ths  second  channel. 


4.  RBSULT8 


Data  oollaetlon  at  tha  HOU-OAL  VT8  took  plaoa  on  saptanbar 
20#  and  21,  1977.  Total  traffic  oounta  for  thoaa  thraa  dayi 
(takan  from  tha  Daily  Vaasal  Tally)  wara  212,  249,  and  267, 
raapactivaly.  VTC  raoorda  9iva  a dally  traffic  avaraga  of  about 
250  vaaaalai  thua  tha  thraa  daya  aamplad  had  balow  avaraga, 
avaraga  and  alightly  abova  avaraga  traffic.  Tha  total  traffic 
conaiatad  of  132  ahipa  and  596  towa  (IB  and  62  paroant 
raapactivaly)  comparad  to  an  annual  avaraga  20  and  60  pareant. 

Mo  aignlfioant  incidanta  wara  raportad  on  tha  obaarvatlon  daya. 
Wa  conoluda  that  on  thoaa  daya  traffic  load  oonatitutad  a 
raaaonably  rapraaantativa  aampla  of  "routina"  oparationa. 


from  tha  data  on  antry  and  axit  Mints  and  timaa,  tha 
traffic  loading  waa  piottad  for  aaoh  day  in  aaoh  aaotor  (Figuras 
4-1,  4-2  and  4-3).  On  thaaa  graphs  tha  obaarvatlon  pariods  ara 
Indioatad  by  dashad  vartioal  linaa.  (Tha  firat  parlod  in  eaotor 
III  oovara  10S  ninutaa,  oonalating  of  30  minutaa  of  obaarvatlon, 
a 4S-ininuta  braak  dua  to  aguipmant  problama,and  30  minutaa  of 
obaarvatlon)  all  othara  Involvad  ona  hour  of  oontinuoua 
obaarvatlon.) 


An  aatimata  of  traffic  load  was  mada  for  aaoh  period  from 
tha  graphs  by  counting  tha  numbar  of  vassal  lines  within  tha 
observation  period.  Because  of  variations  in  vassal  spaed,  there 
is  vary  likely  soma  error  in  thaaa  astimatas.  An  indapandant 
aatimata  of  traffic  load  was  made  from  tha  vu  displays 
photographed  every  15  minutes  during  observations.  From  thasa 
data,  an  avaraga  numbar  of  vassals  was  calculated  for  aaoh  period 
for  aaoh  sector.  Thasa  traffic  load  astimatas  ara  summarised  in 
Table  4-1. 


A vassal  entering  or  laavinc  tha  systam  raguiraa  more 
watohstandar  attention  tlian  ona  in  routine  transit.  Tharafora, 
for  each  sector  an  aatimata  war  made  of  the  numbar  of  entries  and 
exits  occurring  during  tha  observation  pariods.  Changes  in  tha 
VU  display  between  aucoassiva  fifteen  mlnuts  pariods  wara  counted 
from  scope  photographs  where  available.  Missing  data  wara 
partially  oompansatad  for  by  taped  voice  annotations.  Where  no 
data  wara  available,  tha  mean  numbar  of  changes  par  period  for 
tha  observed  pariods  was  assumed  for  tha  missing  pariods.  Thasa 
aatimatad  traffic  change  loada  ara  also  given  in  Table  4-1. 


ST 


FIGURE  4-3-  HOO-GAL  TRAFFIC  9/21/77 
fa.  SECTOR  II 


TABLE  4-1.  TRAFFIC  DATA  FOR  OBSERVATION  PERIODS 


'1 


r 


sino«  they  ware  oelouleted  from  the  most  complete  end 
eoourete  wet  of  obeerved  data,  the  average  traffic  flgurea  for 
each  sector  are  probably  the  best  estimates  of  traffic  load 
during  observation  periods.  For  purposes  of  intsr-sector 
oomparisons»  we  will  consider  that  traffic  loads  for  sectors 
1 and  IXI  were  about  the  same*  with  a considerably  lighter  load 
in  sector  XZ. 


4.2.1  flinmi  Miam 


, The  frequencies  of  observed  watchstander  activities  are 
summarised  in  Table  4'2.  Under  "Prequenciee*"  the  total  number 
of  observations  recorded  on  the  Watchstander  Activity  Log  over 
five  hours  of  obssrvation  is  given  for  each  activity*  in  each 
sector.  Under  MPciroents* " the  frequency  of  each  activity  is 
expressed  as  a percentage  of  total  sector  activity,  combined 
sector  totals  for  each  activity  are  expressed  as  percentages  of 
all  obeerved  activities. 


Communications  with  vessels  (the  principal  product  of 
the  VTS)  accounted  tor  4 percent  of  observed  activities.  Most  of 
the  remaining  9611  of  activities  involved  processing  the  data 
needed  for  advisories  (data  entry  and  retrieval)  or  Keeping  traoK 
cf  the  data  to  datermine  whether  advisories  were  needed 
(surveillance) . These  two  support  functions  can  not  be  clearly 
separated  in  the  datat  nearly  all  activities  contributed  to  both. 
(The  covert  watchstander  activities  — computation  and  daoialon 
making  could  not  be  observed  at  all.) 


Operating  and  observing  the  VTGhDACS  computer  involved 
the  greatest  amount  of  activity  (C6  percent) * fairly  evenly 
divided  between  opereting  the  keyboard  end  looking  at  the 
displays.  Monitoring  snd  ope.rating  survalllanoe  aide  (tslsvlslon 
and  radar)  oombinsd  to  produce  2i  percent  of  the  eotlvlty. 
Handling  and  raferring  to  veteal  statue  Cards  amounted  to  13 
percent  of  obeerved  eotlvltiee.  The  remaining  6 percent  included 
I communicating  with  people  other  than  thoee  on  veesels*  looking  up 

,l  information  in  reference  material*  and  briefly  leaving  the 

poaition  (lest  then  1 percent). 


• fTo  elinplify  interpretation*  eome  of  the  original  activity 

cittagoriee  have  been  combined.  Prequenoiee  for  all  categories 
( for  every  hour  of  observation  are  given  in  Appendix  D. 


TABLE  <i-2.  SUMMARY  OF  OBSERVED  ACTIVITIES 


I 


FREQUENCIES 


PERCENTS 


I 

\ 


V 

■ 

\ I 
jj 


I 

II 

III 

Total 

I 

II 

III 

Total 

COMMUNICATIONS 

630 

9 

With  VeBsela 

99 

57 

122 

278 

4 

3 

5 

4 

With  Other  SW'a 

27 

32 

19 

78 

1 

2 

1 

1 

With  Other  people 

82 

62 

46 

190 

3 

3 

2 

3 

Adjusting  Radio 

22 

31 

31 

B4 

1 

2 

1 

1 

VTS-DACS  COMPUTER 

3768 

56 

Keying 

S89 

302 

845 

1736 

25 

16 

34 

26 

Reference  to  Display 

722 

656 

623 

2001 

31 

34 

26 

30 

Reference  to  Other 

7 

.18 

6 

31 

- 

1 

- 

- 

SW' n Display 

CARDS 

073 

13 

Marking 

84 

22 

103 

209 

4 

1 

4 

3 

Time  Punching 

39 

7 

57 

103 

2 

- 

2 

2 

Reference  to  Cards 

94 

59 

185 

338 

4 

3 

7 

5 

Moving  Cards 

93 

56 

74 

223 

4 

3 

3 

3 

RADAR 

494 

7 

Monitoring 

412 

22 

434 

17 

1 

6 

Adjusting 

60 

60 

3 

1 

TELEVISION 

942 

14 

Monitoring 

310 

167 

477 

16 

7 

7 

Adjusting 

280 

185 

465 

15 

7 

7 

OTHER 

52 

1 

Using  References 

20 

6 

9 

35 

1 

- 

1 

Moving  from  Position 

5 

5 

7 

17 

- 

TOTAL 

235'i 

1925 

2479 

6759 

35 

28 

37 

AVERAGE  TRAFFIC  LOAD 

10.9 

7.6 

11.4 

10.0 

37 

25 

38 

TOTAL  TRAFFIC  CHANGES 

57 

41 

66 

35 

25 

40 

From  aootor  to  Motor  th«  amount  of  obaarvad  activity 
varlad  dlraotly  with  tha  avaraga  number  of  vaaaala  In  tha  ayatam 
and  tha  number  of  vaaaal  ohanoaa.  Tha  average  traffic  loada  and 
total  traffic  ohangaa  from  Table  4-1  have  bean  added  at  tha 
bottom  of  Table  4-2.  Whan  axpraaaad  aa  paroantagaa  thay  ahow 
remarkably  good  agreement  with  each  other  aa  wall  aa  with  total 
obaarvad  activity. 


4.2.2  communleationa 


Communicating  and  aaaoolatad  aotlvltlaa  (radio 
adjustmanta)  accounted  for  9 percent  of  tha  obaarvatlonat  but 
tranaaotlona  with  vaaaala  In  tha  ayatam  amounted  to  only  4 
percent.  Although  communleationa  with  vaaaala  varlad  with 
traffic  loadf  there  ware  dlaproportlonataly  fewer  tranaaotlona  In 
sector  XZ  than  In  tha  other  two  aeotora.  Thla  appaara  to  be  due 
to  tha  fact  that  there  are  fewer  vaaaal  reporting  polnta  In 
Sector  XI}  therefore  there  were  fewer  vaaaala  In  the  ayatam 
during  Sector  XX  obaervatlona  and  each  veaaal  required  less 
attention  than  In  tha  other  aeotora.  Some  tranalta  raqulra 
tranaaotlona  only  at  check  points;  oooaalonally  several 
transactions  may  ba  necessary  just  to  Identify  and  locate  a 
vaaaal.  aenerally,  however*  during  these  observations  there  wars 
one  or  two  tranaaotlona  per  veaaal  In  the  ayatam  per  hour. 


Communicating  with  other  aw  a waa  mors  frequent  In 
sector  XZ*  very  likely  because  this  sector  reoeivea  handoffa  from 
both  adjacent  aeotora  and  thus  requires  more  inter-aeotor 
coordination.  Communleationa  with  the  Watch  Supervisor  totalled 
about  the  same  for  each  sector  and  showed  no  relationship  to 
traffic  load,  other  eonveraatlone  varied  considerably  but 
occurred  most  often  when  traffic  was  light;  thasa  transactions 
Included  oonvarsatlons  with  the  TSC  observer. 


4.2.3  m-BASfi  <t2inBytfg 


Activities  associated  with  the  computer  dominated  tha 
SW's  job  (S6  percent  of  all  observed  activities).  The  relative 
distribution  of  total  computer  activities  across  sectors  exactly 
reflected  the  distribution  of  average  traffic  load.  However#  the 
number  of  times  the  8W  referred  to  the  computer  displays  waa 
greater  in  Sector  I*  more  nearly  equal  in  Sectlona  XX  and  XXX. 

The  detailed  data  of  Appendix  D show  about  equal  numbers  of 
references  in  each  sector  to  Display  2 (which  generally  showed 
the  vu  but  oooaalonally  waa  used  for  calling  up  other  formats) . 
The  variation  in  display  references  between  sectors  oocurred  with 
Display  1 (which  almost  always  showed  the  DR  format) # with 
relatively  more  references  in  Sector  X than  in  tha  other  two 


sectors.  The  detailed  activity  log  records  suggest  that  the 
Sector  I 8W  often  alternately  looked  at  his  radar  and  his  DR 
display.  Not  even  the  television  in  the  other  sectors  provided 
as  ready  a check  on  the  DR  accuracy  as  did  the  radar  for  Sector 
I.  klloiiiing  for  this  extra  checking  with  the  radar,  we  get  a 
generally  even  distribution  of  references  to  displays  showing 
that  the  computer  displays  were  being  monitored  regularly 
regardless  of  traffic  load. 


Keying  activities  showed  considerably  more  variation 
between  sectors,  in  line  with,  but  disproportionate  to,  the 
variation  in  traffic  load,  within  sectors  1 and  XX,  a detailed 
analysis  of  keying  aotivity  failed  to  reveal  any  syatematio 
variation  of  keying  with  traffic  load,  probably  because  some 
keying  associated  with  routine  monitoring  of  traffic  was  kept  up 
during  periods  when  vessels  required  no  servicing.  The  general 
level  of  keying  aotivity,  however,  was  lower  in  sector  XX  than  in 
Sector  X,  probably  because  there  are  fewer  check  points  in  Sector 
XX.  When  traffic  was  light,  keying  activity  in  Sector  XXX  was 
independent  of  traffic  load  and  at  about  the  same  level  as  in 
Sector  X.  However,  there  were  five  15-mlnute  periods  of 
observation  when  traffic  load  exceeded  15  vessels  in  sector  XIX. 
During  these  periods  keying  aotivity  was  considerably  higher. 

The  greatest  increase  in  keying  activity  was  in  keyboard  group  B, 
the  function  keys.  Apparently,  when  traffic  load  exceeds  15 
vessels  In  this  sector,  vessel  symbols  become  crowded  together 
and  much  extra  keying  Is  required  to  establish  their  identities. 


4.2.4  Cardf 


Thirteen  percent  of  observed  activities  involved  the 
Vessel  Status  cards.  The  distribution  of  these  activities 
roughly  reflected  the  distribution  of  traffic  load.  Narking 
cards  and  time  stamping  them  were  almost  exolvtsively  associated 
with  originating  and  ending  transits  in  the  system  (as  opposed  to 
entering  or  exiting  to  or  from  adjacent  sectors) . The 
disproportionately  higher  frequencies  of  these  actions  in  Sectors 
I and  III  very  likely  reflect  the  distribution  of  originating  and 
destination  points.  Novlng  cards  Is  associated  with  tracking  > 
updating  positions  of  vessels  by  advancing  the  cards  on  the  small 
tracking  boards  - and  with  handoffs  between  sectors.  These 
activities  follow  traffic  loads  in  general;  the  relatively  high 
frequency  in  Sector  I can  be  traced  to  a greater  number  of 
handoffs  during  observations.  Rafarenoes  to  the  cards  for 
Informalon  followed  traffic  load;  the  disproportionately  high 
frequency  in  sector  IXI  occurred  because,  during  one  observation 
period,  the  SW  was  explaining  the  cards  to  a trainee. 
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SBrYtiUin9t 


Honitorlng  •urvcillana*  aid*  (radar  in  saotor  If 
television  in  Sectors  XI  and  IXX)  distributed  fairly  evenly 
between  Sectors  I and  XI  (17  percent  of  all  observed  activities 
in  each  sector)  despite  the  differences  In  traffic  load.  In 
Sector  III,  reference  to  television  accounted  for  7 percent  of 
activities » because  television  covers  only  about  a third  of  the 
sector,  we  have  already  noted  that  reference  to  computer  Display 
2 (generally  the  VU  listing)  appears  to  be  related  to 
surveillance.  References  to  surveillance  aids  and  this  display 
combined  account  for  30  and  29  percent  of  activities  In  Sectors  X 
and  IX  respeotlvoly,  but  only  16  percent  of  activities  In  Sector 
XXX.  Thus  the  sw  In  Sector  IXX  Is  not  compensating  for  lack  of 
surveillance  aids  by  more  monitoring  of  the  computer  displays. 

Did  he  call  the  vessels  more  often  in  order  to  maintain 
survelllancsT  Dividing  communications  with  vessels  by  average 
traffic  load  we  get  about  10.6  transactions  per  vessel  In  Sector 
XXit  compared  to  9 and  7.5  In  Sectors  X and  XX  respaotlvely. 

This  small  difference  Is  In  the  right  dlreotlonf  but  Is 
Inadequate  to  compensate  for  lack  of  surveillance  aids.  It 
appears,  then,  that  when  radar  or  television  was  available,  the 
BW  maintained  a pattern  of  cross-checking  between  computer 
displays  and  survelllanoa  aid,  regardless  of  traffic  load.  Where 
aids  were  not  available,  no  significant  compensatory  surveillance 
activity  was  observed. 


Manual  activity  associated  with  the  use  of  the  radar 
comprised  only  3 percent  of  the  Sector  X activities.  Two-thirds 
of  this  activity  Involved  operating  the  oursori  most  of  the  rest 
was  changing  scale,  with  off-centering  and  adjusting  of 
brightness  and  contrast  very  rare,  on  the  other  hand, 
manipulation  of  television  controls  was  observed  as  frequently  as 
looking  at  the  scopes.  This  does  not.  mean  that  a single  control 
action  was  made  each  time  the  television  was  referred  to. 

Rather,  many  passive  observations  were  made,  while  at  other  times 
a single  observation  would  be  accompanied  by  considerable  panning 
and  rooming  to  lero  in  an  area  of  interest,  ks  with  radar, 
brightness  and  contrast  adjustments  of  the  television  were 
relatively  raze. 


4.2.6  AgtiYiiiH 


About  one  percent  of  observed  activities  Involved 
looking  things  up  in  reference  files,  such  as  card  files  and 
Lloyds  * Register  for  vessel  data,  oooaslonally  a watohstander 
would  leave  hie  position  briefly}  this  occurred,  on  the  average, 
about  once  an  hour  and  accounted  for  less  than  one  percent  of 
observed  activities. 


4.3  AotlyitiM  Of  Other  Ptfonnal 


4*3.1  >lntgh  gMP^yytl9¥ 


Using  A modlflsd  activity  log»  an  obsarvar  raoordad  tha 
activltiaa  on  ona  N8  ovar  aia  £lftaan*>minuta  parioda.  ovar  a 
third  (37  parcant)  of  tha  WB'a  activltiaa  involvad  communicating 
with  paoplOf  mostly  talking  to  tha  Saotor  Natohstandars  (13 
parcant  of  all  activltiaa)  or  to  othar  paopla  in  tha  cantar  (16 
parcant) . Thara  was  aoma  uaa  of  tha  taiaphona  (5  parcant)  and 
radio  (3  parcant) . 

using  tha  computar  accounted  for  29  parcant  of  tha 
obaarvad  activltiaa.  Tha  ws  had  four  dlaplays*  thraa  of  which 
uaually  ahowad  tha  os  ahaata  for  tha  thraa  aaotors,  tha  fourth 
showing  VU  for  the  buaiast  saotor^  or  any  other  display  tha  W8 
wished  to  call  up.  Monitoring  these  displays  accounted  for  21 
percent  of  tha  obaarvad  aotivitiast  keying  to  call  up  different 
displays  accounted  for  8 parcant. 

Administrative  actions  constituted  16  percent  of  tha 
obaarvationa.  These  included  arranging  and  checking  Vassal 
Status  Cards  (6  percent) » referring  to  logs  (5  percent) , and 
making  log  entries  (5  percent) . 

Monitoring  survaillanoe  aids  accounted  for  14  percent 
of  aetivitlaSf  ona  percent  on  radar*  tha  rest  on  talavlsibn. 
Moving  sway  from  his  position  accounted  for  4 percent. 

In  summary*  during  the  periods  of  observation*  the  WB 
was  primarily  engaged  in  monitoring  operations*  using  the 
computer  displays  somewhat  more  often  than  tha  survaillanoe  aids. 
Along  with  watching  oparatlona*  ha  oonvsraad  with  the  8W*s  and 
with  others  in  tha  room  and  occasionally  handled  phone  or  radio 
communications.  Adminiytrativa  duties  did  not  appear  to 
intarfars  with  his  supervisory  function. 


4.3.2  Idlgynt;  communicator 


During  tha  periods  of  routine  operations  covered  by 
this  report*  the  XC  was  in  a standby  rather  than  working  status. 
Essentially  tha  XC  duty  provided  a break  from  tha  more  demanding 
8W  duties*  permitting  the  watchstander  to  eat  lunch  and  even  to 
leave  tha  operations  room.  A T8C  axperlmsnter  conducted 
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IntarvlawB  (■••  Station  4.5)  with  watohsUndtrs  whtn  thty  wtrt  on 
XC  duty.  Tharaforo  no  attampt  wan  mada  to  I09  XC  aotlvltlaa. 


4.4  Pttrt^i9ni«  fiiim  and  RtJtsUgnt 


4.4.1  Puratlena  of  aaotot  watohitandar  aotiyitit 

Flgura  4>4  ahowa  tha  raaulta  of  timing  typical 
watohatandar  aotlvltlaa • Xaoh  X oonatitutaa  ona  obaarvatlon. 

All  aotlvltlaa  oan  ba  aaan  to  vary  oonaldarably  In  duration.  To 
aid  dlaouatlonr  va  hava  tabulated  In  Table  4-3  tha  ahortaat^  tha 
median*  tha  mean  and  tha  longaat  duration  Obaarvad  for  each 
activity. 

Tha  Watohatandar  Activity  Xxig  ahaata  vara  lined  at  30- 
aaoond  intarvala.  Qurlng  obnarvation  of  activity  fraquanolaa* 
whan  an  obaarvad  activity  continued  over  additional  Intarvala  the 
tally  nark  war  extended  aooordlngly.  Talllaa  occupying  one*  two* 
thraa*  and  four  30-aaaond  intarvala  ware  oountad  from  tha  log 
ahaata  aa  an  Indapandant  eatlnate  of  aotlvity  duratlona.  Thaaa 
oounta  (axpraaaad  aa  paroantagaa)  ara  summariaad  In  Table  4-4 
together  with  tha  oorraaponding  dlatrlbutlona  from  tha  time 
maaaura manta. 

A ganaral  oharaotarlatlo  of  all  obaarvatlona  la  tha 
ooourranoa  primarily  of  abort- duration  aotlvltlaa*  with  a few  of 
much  longer  duration.  This  akawlng  of  dlatrlbutlona  yialda  maana 
that  ara  atyploally  high  In  valuai  tha  median  valuaa  (half  of  tha 
obaarvatlona  fall  above  tha  median*  half  below)  ara  more 
rapreaantatlva. 

The  mean  length  of  a radio  maseaga  waa  21.5  aaoonda* 
with  a median  value  of  15  aaoonda.  The  gxoaa  dlatrlbutlon  of 
timed  duratlona  agreed  vary  wall  with  tha  dlatrlbutlon  of 
talllaa. 


Computer  related  aotlvltlaa  yielded  a mean  duration  of 
22.9  aaoonda*  a median  of  16  aaoonda.  Tha  timed  duratlona  ahowad 
a amallar  proportion  of  aotlvltlaa  laatlng  under  30  aaoonda  than 
did  tha  talllaa,  mainly  baoauaa  tha  obaarvar  tallied  an  activity 
each  time  tha  BW  ohangad  keyboard  area  or  looked  pasolvaly  at  a 
dlaplay*  while  tha  timing  waa  dona  over  tha  total  aotlvity 
aaaoolatad  with  a computer  entry.  Paaalvo  viewing  of  computer 
dlaplaya  waa  not  timed. 


NICATIONS  (150  SAMPLES) 


FIGURE  4-4.  DURATIONS  OF  NATCHSTAHDER  ACTIVITIES  CCONT.l 
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Tclcvifsion  ralatad  aotlvltlas  (maan  17*7  aaoonda« 
madlan  13  aaaonda)  took  longar  than  radar  ralatad  aotlvltlaa 
(maan  13. 4 aaoonda*  madlan  6 aaoondal , baoauaa  many  times  the  use 
of  taiavlelon  involved  panning  and  tooming  of  cameras  as  wall  as 
observation  of  the  scopes. 


The  use  of  Vessel  status  cards  occupied  a mean  time  of 
20.2  seconds,  a median  of  14  seconds. 


4.4.2  fiAiJxi  la  Bfippn.H 


Keyed  requests  for  displayed  data  from  the  VTS-DACS 
computer  were  followed  by  a varying  time  delay  before  the 
complete  dis|ilay  was  on  the  scope.  Delays  vsried  with  the  type 
of  display  requested  and  even  more  with  the  additional  amount  of 
Information  processing  that  the  computer  happened  to  be  engaged 
in  at  the  time  of  the  request.  One  hundred  samples  of  thsae 
delays  were  timed  for  each  of  the  seven  basic  sheets  and  for 
additional  requests  such  as  format  change  on  the  DR  sheet  and 
additional  pages  of  multi'*paged  data.  A stopwatch  was  started  at 
the  first  keystroke  of  a request  and  stoppsd  whan  the  final 
character  of  the  requested  display  appsared.  Complete 
distributions  of  these  measurements  are  given  in  Appendix  B,  and 
the  highlights  of  the  measures  are  summarised  in  Table  4*5, 
together  with  data  on  the  number  of  keystrokes  required  for  each 
entry  and  the  frequency  of  usage  of  each  display  sheet. 


Since  the  DR  plot  is  usually  kept  up  on  one  scope  and 
not  changed,  its  delays  ere  not  oriticel.  However,  the  88  meat 
be  celled  up  in  place  of  the  VU  every  time  a new  veeeel  enters 
ths  aystsm,  and  ths  VU  must  than  bs  rsoallsd  aftsr  ths  data 
sntry.  Apparently  very  little  use  ie  made  of  the  other  diepleye, 
perhaps  beoauee  of  the  delays  involved  (see  section  5). 


Since  keying  time  is  included  in  the  moaeureKients  of 
Table  4-5,  the  measuree  wera  repeated  for  three  displays, 
starting  ths  watch  whan  the  Isot  key  was  prssssd  and  thus 
measuring  only  ths  oomputer-induesd  daisy.  Thaas  rssults  are 
shown  in  Table  4-6.  Using  the  modal  times  as  most 
repressntative,  wa  find  modal  differsnoss  averaging  1.8  asoonds 
for  prsssing  4 keys,  or  s ksying  rats  of  133  strokes  par  minuts. 
This  rats  was  sohievsd  bsoauas  ths  expsrimantar  was  rspstitlvsly 
pressing  ths  same  four  keys.  Kstchstandsrs  would  bs  unlikely  to 
key  much  faster}  so  ws  can  conoludn  that  the  total  callup  dslays 
of  Table  4-5  are  conoarvative  estimates. 
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TABLE  4-5.  COMPUTER  DISPLAY  DELAY  TIMES 
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Fr*qBfn9y  2£  comouf  r R«i»ctlQn« 
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From  time-to-tlmef  th«  VTS-DACS  oomputer  will  r«j«ot  a 
keyad  request  even  though  there  is  no  keying  error.  Some  of 
these  rejections  occur  when  an  alphanumeric  key  is  preesed  too 
soon  after  a function  keyj  at  other  times,  fluctuation  of  the 
computer  power  supply  may  introduce  a false  signal  thut  is 
rejected.  To  determine  how  freguently  this  annoying  and  delaying 
type  of  event  may  occur,  several  display  change  requests  were 
each  keyed  one  hundred  times  and  a record  made  of  tho  number  of 
rejections.  These  uata  appear  in  the  right-hand  column  of  Table 
4-5.  Although  a 2 percent  rejection  rate  might  be  tolerated,  the 
7 percent  rate  would  be  distracting,  particularly  if  followed  by 
a long  dinplay  delay  time. 


4.5  In^^yj.svif 


The  greatest  awareness  of  how  a system  operatea  reaidaa  in 
those  who  operate  it.  The  individual  Interviaws  ware  conducted 
to  tap  this  eoiurce  of  vital  Information.  The  detailed  reenlte  of 
the  intervlewa  are  given  in  Appendix  P.  The  highlights  of  these 
results  ars  summarised  belowt 

a.  Watchstaiiders  generally  liked  the  W8  duty  and  wouldn't 
mind  having  another  tour.  However,  a few  who  had  had  several 
years  of  duty  were  bored  and  diellked  it. 

b.  All  Interviewees  believed  in  the  value  of  VTS  services. 
There  was  general  agreement  that  most  masters  and  pilott  like  the 
VTS,  but  that  a few  are  atrongly  oppoaed  to  It. 

c.  Improvements  moat  often  mentioned  as  needed  werei  more 
television  sltee,  more  radar  sites,  and  more  computer  displaya. 

d.  Criteria  for  selection  of  poreonnel  should  include  good 
hearing,  good  health,  parnonel  qualitiee,  language  rkills,  and 
experience  in  communlcaticna,  radar,  and  ship  handling. 

e.  The  training  program  needs  improvement;  a full-time 
instructor  could  give  mure  time  to  teaching  and  trainee 
evaluation. 

f.  There  was  a general  approval  of  the  new  twelve-hour 
watch  tchedule,  but  aome  a.iprehenaion  as  to  the  possible  effects 
of  fatigue. 

g.  Conunents  on  arrangement  of  workspace  showed 
considerable  concern  for  a layout  that  would  promote  a group 
operation,  particularly  the  ability  to  chfack  traffic  in  adjacent 


sectors  snd  to  assist  one  another  when  the  workload  is  unevenly 
distributed. 

h.  The  primary  aids  to  traffic  surveillance  (radio,  radar, 
television,  and  the  8S,  DR  and  VD  displays)  «Mre  given  high 
ratings  for  importance  and  frequency  of  usage.  However,  the  TR 
sheet,  supposedly  an  aid  to  qivinq  traffic  advisories,  received 
low  ratings. 

i.  Opinion  was  split  on  the  computer,  although  those  who 
disliked  it  were  aware  of  its  potential  advantages.  The 
principal  disadvantage  noted  was  its  slowness,  including  the 
amount  of  keying  required  and  the  delays  and  rejections  following 
keyed  display  requests,  several  interviewees  remarked  on 
inaoouraoies  in  tracking,  but  with  awareness  that  it  can  only  be 
as  accurate  as  the  data  the  operator  gives  it. 

j.  On  the  average,  watchatanders  felt  they  can  comfortably 
handle  up  to  20  vessels  at  one  time,  although  individual  opinions 
varied  widely. 

k.  There  is  an  awareness  that  **bad  traffic"  (inaccurate 
advisories)  could  canae  serious  incidents  or  accidents  and  some 
concern  that  masters  and  pilots  may  become  too  reliant  on  the  VTS 
and  relax  their  own  vigilance,  inoidonts  are  rare,  but,  as  one 
watchstander  put  it,  "The  potential  is  always  there." 


4.6  Stjctsa  Questionnaires 


fVs  a part  of  the  process  of  developing  a questionnaire  for 
the  study  of  job-related  stress,  stress  questionnaires  were 
administered  to  some  of  the  interviewees.  Appendix  Q gives  a 
detailed  description  of  the  questionnaire,  its  administration, 
and  results. 


Briefly,  on  all  items  (somatic  and  mood)  there  was  a 
consistent  Increase  in  degree  of  stress  during  the  progress  of  a 
watch.  The  most  sensitive  items  were  aching  or  burning  eyes  and 
tiredness.  These  results  correlate  well  with  those  of  an  FAR 
study  of  air  traffic  controllers,  from  which  the  present 
questionnaire  was  adapted. 


When  examined  on  a day-to-day  basis,  the  qusstionnalre 
results  showed  an  increaoe  in  strows  for  throe  successive  days 
with  a leveling  off  on  the  fourth  day,  possibly  reflecting 
adjustment  to  the  new  twelve-hour  watch  schedule.  Day-to-day 
variation  was  much  less  than  the  increase  in  stress  during  the 
watch  period  within  each  day. 
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DISCUSSION  AND  RBC0MN8NDAT10NS 


5.1 


Communlcttln?  with  v«aa«l»f  th«  prlMry  mission  of  ths  VTSr 
aooountsd  for  4 psrosnt  of  obssrvsd  sotlvltiss.  Ths  numbs r of 
trsnssotlons  with  vssssls  vsrisd  both  with  traffic  load  and  with 
ths  number  of  transits  originating  or  ending  in  ths  sector } they 
averaged  about  two  per  vessel  per  hour. 


A more  detailed  analysis  of  ooommunlaations  is  planned  for  a 
later  datSt  when  typed  transoripta  of  the  taped  channel  12 
oommunioatiotis  become  available. 


5.2  ittt  m-mi  sainpvi<?fr 


5.2.1  Display  Sheets 


It  is  standard  operating  procedure  to  keep  the  DR 
display  up  constantly  on  one  display  unit»  using  the  second  unit 
for  other  displays  as  required  but  generally  Keeping  the  VU  sheet 
up  when  nothing  else  is  needed.  Frequency  data  clearly  reflected 
this  usage*  along  with  fairly  frequent  use  of  the  SS  display* 
which  must  be  used  whenever  a new  vessel's  data  base  is  entered. 
The  other  displays  showed  relatively  little  use. 


5.2.2  fijilAZ 


The  data  on  dieplay  delay  times  clearly  support  the 
complaints  about  slow  computer  reeponse  in  the  interviews*  with 
delays  of  up  to  IS  seconds  recorded  during  our  sampling.  Several 
displayo  also  gave  rejection  rates  of  7 percent.  Coupling  delays 
and  rejections  with  the  number  of  keystrokes  required  to  call  up 
a display*  we  can  understand  why  a display  is  generally  called  up 
only  when  SOP  demands  it.  If  we  picture  a watohstander  preparing 
a traffic  advisory  for  a waiting  master  or  pilot*  we  can  feel  his 
reluctance  to  make  an  entry  of  10  keystrokes  (taking  possibly  5 
seconds)  to  request  an  assisting  display  that  will  displace  his 
VU  listing  and  almost  certainly  require  a wait  of  7 seconds 
(possibly  15  seconds)  after  the  keying  before  the  Information  is 
displayed.  Furthermore*  the  predicted  passings  and  overtakings 
on  the  TR  sheet  are  progressively  more  inaccurate  as  time  to  the 
event  increases.  Watohstanders  are  aware  of  places  where  vessels 
are  likely  to  change  speed*  and  they  can  make  more  accurate 
judgments  than  the  computer's  linear  extrapolation  by  dead- 
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reckoning.  The  10«keyetroke  requirenent  for  the  TR  dLepLey 
Involves  keying  in  the  ID  number.  An  alter net! ve  method  is  to 
place  the  cursor  on  the  vessel  on  the  DR  dlsplayi  hotraver*  one 
Interviewee  commented  that  It  is  easier  to  key  ID  than  to  key  the 
cursor. 


Keying  Is  also  required  to  enter  data,  to  edit 
displays,  to  eall  up  identlf loation  of  vesaels  on  the  DR  display# 
and  to  advance  a vesael  past  a oheok  point  (00  or  MOVE 
functions) . There  are  relatively  few  function  keysi  a great  many 
commands  require  two  Keystrokes  on  the  alphanumerio  keyboard  to 
Identify  a function,  since  we  tallied  an  action  each  time  keying 
changed  from  one  area  to  another  on  the  keyboard#  the  figure  of 
26  percent  of  all  observed  activitlee  for  keying  may  be  Inflatedi 
however,  there  Is  no  doubt  that  keying  is  a principal  activity. 


s.2.3  mtflg 


The  general  picture  of  routine  usage  of  the  computer 
derived  from  our  data  shows  the  SU  regularly  monitoring  the  two 
computer  displays  (30  percent  of  all  observed  activities)  with  DR 
always  up#  vu  up  except  when  as  is  required.  The  other  formats 
are  seldom  used.  Display  monitoring  is  a means  of  surveillance# 
since  It  does  not  vary  with  vessel  traffic  load,  when  radar  or 
television  is  available  as  a oheok,  the  SW  makes  more  reference 
to  the  computer  dlsplaya#  alternately  looking  back  and  forth 
between  surveillance  aid  and  computer  display. 

!^l 

} Keying  appears  to  be  required  for  surveillance#  for  it 

ii  also  varies  Independently  of  traffic  load  at  low  load  levels. 

I When  traffic  becomes  heavier  (15*-20  vessels  In  a sector)  keying 

shows  a marked  increase  In  frequency,  probably  reflecting  ID 
checks  to  sort  out  vesaels  close  together. 


5.2.4  Possible  Improvements 


Although  there  were  nunwrous  conversational  remarks 
about  watchstanders  working  for  the  computer  rather  than  vice 
versa#  the  recorded  comments  of  the  twelve  interviewees  reflect 
an  underlying  respect  for  what  the  computer  could  do  for  them  if 
Improved.  The  principal  area  for  improvement  seems  to  be  to 
Increase  memory  capacity  to  reduce  display  delay  times.  Capacity 
might  be  increased  also  by  dropping  seldom-used  dlsplaya. 
Redundancy  of  activities  was  commented  ont  some  of  this  (Dally 
I vessel  Tally)  could  be  eliminated  by  reprogramming  the  DB  listing 

I to  show  time  of  entry. 


A major  weaknaas  of  tha  VTS-DACS  la  tha  inability  to 
oombina  traffic  position  and  idanti float ion  data  on  tha  aamt 
dlaplay,  thua  raqulrlno  a OR  ahaat  for  poaition  and  a aacond 
diaplay,  VU,  for  Idantif loation  and  forcing  tha  watohatandar  to 
parform  continual  intagratlon  of  tha  two.  Raaolution  llmlta  of 
tha  VTS-OACS  dlaplaya  praoluda  addina  ID  taga  to  the  OR  display. 
However » if  axpandad  DR  dlaplaya  oouid  ba  proarammad  showing  sub- 
aaotora*  ID  tags  could  ba  used*  and  more  praoisa  position  data 
could  ba  displayed.  Each  call  in  a display  rapraaanta  ona- 
quartar  nautleal  mile  of  ohannal.  A vassal  prooaadlng  through  a 
call  has  its  position  updated  every  IS  aaoonds.  At  6 knots  SOA* 
a vassal's  position  is  updated  10  times  within  one  oallr  yet  its 
symbol  is  moved  on  tha  DR  display  only  whan  it  changes  calls.  If 
the  DR  could  ba  expanded  on  command  to  cover  a fiva-mila  araa* 
for  example,  four  sub-calls  par  call  could  ba  displayed,  with  a 
much  more  praoisa  raprraaantation  of  tha  relative  positions  of 
vessels  (a  resolutlori  of  380  feat) . Any  vassal  with  a spaed 
under  15  knots  would  still  ba  updatad  once  par  sub- cell.  Such  a 
eapability  would  be  invaluable  in  resolving  problems  where  vassal 
density  is  high.  This  capability  would  ba  analogous  to  tha  zoom 
capability  of  television. 

Another  desirable  capability  within  tha  limits  of  tha 
VTS-DACS  basic  design  in  to  off-canter  a DR  display  (at  sector 
scale)  to  give  tha  watohstandar  a look  at  approaching  traffic  in 
an  adjacent  sector  (analogous  to  panning  in  television) . 

Although  the  TR  sheet  is  seldom  used,  it  has  the 
potential  for  being  tha  basic  rafaranoa  for  traffic  advisories. 

To  realise  this  potential  it  would  have  to  Ids  made  more 
aooassible  and  more  accurate.  Accessibility  could  ba  improved  by 
giving  it  a function  key  and  an  improved  cursor  control.  To 
improve  accuracy,  a batter  tracking  algoritltm  would  ba  required- 
one  that  would  anticipate  spaed  changes  at  certain  calls  (such  as 
at  shtarp  channel  bends,  transition  from  channel  to  bay,  and  at 
destination) . 

Keying  requirements  can  be  reduced  by  using  more 
function  keys  (with  BREAK  or  COHNAMD  automatically  included  in 
the  functions  where  they  are  required) . A joystick  or  a 
traoVball  can  simplify  cursor  operation. 

In  tha  meantime,  the  addition  of  one  computer  display 
scope  at  each  position  would  inorease  tha  flexibility  of  oross- 
sector  monitoring,  permit  the  use  of  the  SB  or  TR  display  without 
loss  of  OR  and  VU,  and  generally  reduce  keying  requirements. 


Reduction  of  rejected  commends  would  require 
Improvement  of  the  power  supply  and  increased  tolerance  to  rapid 
keying  (perhaps  through  more  buffer  memory) . 


These  proposed  Improvements  are  ideas  that  have  been 
suggested  in  the  conversations,  the  observatlona  and  the  data 
collected  in  this  study.  They  are  offered  as  suggestions  for 
further  study  rather  than  reoomsiendatione  for  implementation. 


5.3  SIMlll  Status  cards 


The  manual  advancing  of  Vessel  Status  Cards  along  a plotting 
board  as  the  basic  means  for  monitoring  and  updating  the  traffic 
situation  was  adopted  as  a temporary  measure  before  the  VTS-DACS 
was  installed  and  made  operational,  ht  the  time  of  this  study, 
the  computer  had  been  operational  for  two  months.  The  manual 
system  was  being  used  (with  individual  sector  boards)  in  parallel 
with  the  computer  and  was  preferred  to  the  oomputer  by  a third  of 
the  interviewees. 


working  with  the  cards  accounted  for  13  percent  of  observed 
activities.  If  we  assume  that  the  watchotanders  will  always  want 
to  jot  down  incoming  InforDftatlon  before  keying  it  into  the 
system,  we  could  expect  the  marking  activities  (3  percent)  to 
continue  in  a system  without  card  tracking.  The  remaining  10 
percent  of  activities,  evenly  divided  between  advancing  or 
handing  off  cards  and  referring  to  cards,  could  conceivably  be 
eliminated  by  a reliable  and  accurate  oomputer  system.  This 
effloiency  is  not  likely  to  be  realised  until  improvements  such 
as  those  diecussed  in  Section  5.3.i(  are  effected,  for,  even 
though  watchstanders  may  increase  their  skill  in  using  the  VT8- 
DACS,  the  inherent  traoklng  errors  and  display  delays  in  the 
computer  will  force  the  use  of  cards  as  a backup  system. 


5.4  garygji,llftnc<» 


The  radar  and  television  were  consistently  praisedi  their 
usage  accounted  for  21  percent  of  observed  activities. 
Interviewees  highly  recommended  acquisition  of  more  of  such 
equipment.  Probably  the  greatest  need  at  present  is  for  more 
television  sites  on  the  western  portion  of  the  Houston  ship 
channel  (Sector  III).  By  providing  direct  sensing  and  display  of 
what  is  actually  in  the  channel,  the  surveillance  aids  reduce  the 
system's  blind  reliance  on  cooperative  reporting,  thus  increasing 
system  effectiveness  and  potential  for  maintaining  safe 
operations. 


r 


5.5  Operational  Factora 


5.5.1  Streaa 


Tha  administration  of  tha  atrass  quaotlonhalre  raaaalad 
a prograaslva  Inoraasa  In  straaa  indications  daring  tha  ooursa  of 
a watoh  period.  Tha  principal  complaint  was  aohlng  or  burning 
ayaa.  two  intarvlawaaa  notad  aya  problamaf  blamad  on  tha 
dlaplaya.  Ona  aald  hia  ayaa  gat  "fussy"  aftar  a long  parlod  of 
monitoring  displays.  Tha  othar  aald  his  ayaa  gat  "gritty"*  hia 
aya  musolas  aoha*  and  it  hurta  to  ba  exposed  to  daylight. 
Primarily  to  aooommodata  tha  low  light  level  of  tha  radar  PPX* 
tha  operations  room  is  kept  at  a dim  light  level  day  and  night. 
Tha  light  level  In  tha  visual  field  is  not  avsni  talavlsion  and 
eomputar  dlaplaya  provide  bright  areas*  and  illuminatad  kaya  on 
tha  radio  and  oomputar  eonaolas  provide  numerous  bright  "hot 
spots"  (sea  Figure  5-1).  such  glare  la  known  to  oauaa  daoraasad 
visibility  and  visual  disoomfort."  subtle  affaets  of  oharaetar 
ohangaa  on  oomputar  displays  and  tha  motion  of  the  sweep  on  tha 
radar  PPI  may  aggravate  these  affaots. 


Although  tha  stress  evaluation  took  flaca  during  tha 
first  days  of  tha  12-hour  wate^  aohadula*  tha  comments  of  tha 
Intarvlawaas  raflaotad  their  axparianoa  during  8-hour  watohas. 

The  visual  stress  data  show  tha  sffaot  to  ba  progressiva  through 
tha  watch  period;  so  tha  additional  watoh  time  may  ba  aggravating 
an  already  undesirable  situation.  Tha  day-to-day  changes  in  all 
Indioas  of  atrass  indioata  that  tha  watohstanders  may  have  been 
adapting  to  stresses  Induoad  by  tha  longer  watoh  periods;  follow- 
up administrations  of  tha  questionnaire  are  highly  desirable  to 
determine  whether  stress  levels  have  dropped  as  adaptation  has 
continued. 


Operations 

j 

Several  interviewees  commented  on  the  fact  that  tha 
introduction  of  the  computer  has  changed  the  nature  of  the  VTS 
operation  significantly.  Previously*  watohstanders  were  grouped 
around  the  statue  board*  where  eaoh  could  see  the  status  of  tha 
entire  system*  could  interact  easily  with  tha  othar 
watohstanders*  and  could  help  one  another  whan  one's  workload 
became  heavy.  Now  the  watohstanders  are  seated  back-to  one 
another*  have  ready  access  mainly  to  data  for  their  sector  only* 
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are  much  Xeas  aware  of  the  traffic  situation  system-wide,  spend 
much  time  responding  to  computer  requlrsmsnts,  and  are  less 
prepared  or  able  to  assist  one  another*  observations  (admittedly 
limited  to  routine  operations)  were  consistent  with  this  picture. 
Only  one  percent  of  observed  activity  involved  communioatlons 
between  SW's  and  less  than  one-percent  in  mobility  between 
positions. 


The  data  of  this  study  can  not  Indicate  whether  the 
segregation  of  watchstanders  is  desirable  or  undesirable  from  the 
standpoint  of  operational  effectiveness.  However,  it  was 
deplored  by  several  uiterviewees,  who  suggested  rearrangement  of 
consoles  to  promote  more  group-like  operation,  and  is  thus 
considered  worthy  of  mention. 


5.5.3  possible  Improvements 


Factors  affecting  stress  and  morale  might  be  relieved 
through  changes  in  the  workspace.  Reorientation  and  shielding  of 
the  radar  PPX's  could  reduce  the  glare  of  reflections  on  their 
faces  and  permit  raising  the  general  level  of  ambient  lighting  in 
the  room  to  the  level  of  the  television  and  computer  scopes. 
Translucent  paint  on  back- illuminated  control  buttons  could  dim 
them  to  leas  objectionable  hot-spots  without  affecting  the 
information  they  convey.  Sector  positions  could  be  rearranged  to 
give  each  sw  a better  view  of  the  displays  at  adjacent  positions 
and  to  permit  more  interaction  among  watchstanders. 


It  should  be  noted  here  that  the  Interviews  elicited 
many  recommendations  for  personnel  selection  and  training.  They 
are  worthy  of  review  and  consideration  (sea  Section  tt.5  and 
Appendix  F) . 


5.6  Modeling  Considerations 


5.6.1  Time  Distribution 


It  is  tempting  to  combine  the  data  on  frequency  of 
activities  with  representative  measures  of  activity  duration  to 
obtain  a first  approximation  of  a model  of  the  way  a sector 
watchstander  divides  his  working  time,  since  the  duration  data 
were  not  taken  on  the  same  people  at  the  same  time,  such  a 
combination  carries  the  assumption  that  the  timed  operations  were 
essentially  the  same  as  the  tallied  activities,  and  the  results 
must  be  interpreted  with  caution. 
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Accepting  this  caveat,  we  have  multiplied  the 
frequencies  of  Table  4-2  by  the  siedian  durations  of  Table  4-3 
where  comparable  activities  are  recorded.  A correction  had  to  be 
estimated  for  the  computer  keying,  since  complete  keying 
transactions  were  tii.ed,  while  a tally  was  recorded  every  tisie 
the  operator  moved  from  one  sons  of  the  keyboard  to  another*  we 
assumed  that  the  131  tallies  of  duration  greater  than  30  seconds 
represented  activities  most  like  those  that  were  timed  and  should 
thus  represent  24  percent  of  such  activities  (Table  4-4) . This 
correction  yielded  a reduced  keying  frequency  of  S46  entries. 

Since  computer  display  monitoring  was  not  timed,  we  arbitrarily 
adopted  the  median  time  for  radar  viewing  as  an  estimate 
(television  monitoring  had  a larger  value  because  of  the  Mme 
used  in  rooming  and  panning) . The  times  so  obtained  were 
converted  to  percents  of  IS  hours  (total  time  of  frequency 
observations)  and  added,  the  residual  3 percent  being  attributed 
to  untimed  miscellaneous  activities.  The  results  of  thaao 
estlmntos  are  tabula+'fld  in  Table  5-1. 

An  analyaia  of  communictitiona  tapes  (completed  just 
before  going  to  press)  yielded  the  revised  estimates  rf  frag...3noy 
and  duration  data  for  redio  mcaaagea.  Also,  the  frequenoies  of 
Table  5-1  differ  from  observed  frequencies  of  Table  4-2  Isecauae  of 
the  correction  for  type  of  keying  activity  and  a reduction  of 
computer  monitoring  frequency  to  allov;  for  the  fact  that  each 
keying  activity  involved  one-to-two  concurrent  glances  at  the 
computer  displays.  Finally,  the  original  miscellaneous  activities 
have  been  augmented  by  t>:e  addition  of  all  uiitlmed  activities 
(communications  with  other  than  vessels,  radio  adjustments,  and 
reference  to  other  SW's  displays),  while  the  a.yanmptions  that 

were  made  do  not  permit  ua  to  rely  on  the  exact  time  values  of 

Table  5-1,  we  can  accept  the  gross  time  distributions  as  repre- 
sentative of  operations  at  HOU-GAL  VTS  during  the  times  of  obser- 
vation. These  results  show  x.hat  monitoring  displays  occupied  40 
percent  of  tlie  SW's  time?  keying  into  the  computer  took  16  percent? 
using  the  Vessel  Status  Cards  took  up  nearly  a quarter  of  his  time? 

and  about  18  percent  of  the  time  was  devoted  to  coiutiurii eating  with 

vessels  in  the  system  (delivering  tlie  system  product). 

5.6.2  Activity  as  a Function  of  Workload 

From  the  collected  data,  two  estimates  of  workload  were 
derived  for  each  15  minutes  of  observation  of  watchstander 
activities.  Traffic  Load  is  the  average  number  of  vessels  in  the 
sector  during  the  15-minute  period.  Traf £ ic  rhangos  we^re  also 
calculatf.-d  for  each  period  by  combining  the  number  of  vessels 
entering  and  leaving  the  sector  during  the  period.  The  second 
measure  was  selected  because  more  watchstandor  activity  in 
required  to  enter  a vessel  into  the  system  or  to  remove  it  than 
to  track  it.  (Traffic  changes  also  included  paosages  to  or  trom 
adjacent  sectors,  which  do  not  requir'*  ws  much  activity  as  system 
entries  and  exits.)  These  two  workload  measures  ware  correlated 
to  see  if  they  are  different.  The  correlation  coefficients  were 
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TABLE  5-1.  SECTOR  WATCHSTANDER  ACTIVITY  AND  TIME 
DISTRIBUTIONS,  HOU-GAL  VTS 


.:  1 

Duration 

Percentage 

-i 

Afl.1;A,YJ.t.Y, 

1 

Hmaher 

(SecBi)  Fx.eauoncY 

lim. 

} 

] 

Radio  Message  to  Vessel 

; 

446 

22 

9 

18 

Monitoring  Computer 

1080 

6 

22 

12 

■j 

i 

\ , 

j Keying  Computer 

( 

546 

16 

11 

16 

1 

'I 

1 Using  Cards 

1 

873 

14 

18 

23 

■■  i 

! Using  Radar 

( 

494 

6 

10 

5 

■J 

Using  Television 

1 

942 

13 

20 

23 

1 

1 Miiicellaneous 

4 

9 

3 

{ 

TOTAL 

48.16 

1 

Notei  Assumptions 

and  corrections  leading 

to  these 

■; 

figures  are 

explained 

in  the  text. 

-0.15,  0.21,  and  0.22  for  Sactors  I,  ZX  and  III  raspaotlvely. 
None  of  these  values  Is  statistically  significant.* 


All  of  the  measures  were  interoorrelated  to  determijie 
whether  there  was  a conelstent  enough  pattern  of  relationships  to 
warrant  construction  of  a multiple  regression  model.  The 
conclusion  was  negative.  Very  few  significant  correlations  were 
obtained  with  either  workload  measure,  and  these  sho'K^d  no 
consistent  pattern  from  sector  to  sector.  Table  5-2  summarises 
the  results  with  the  principal  variables. 


our  inability  to  derive  a regression  model  of  VT6 
watohs tender  activities  is  largely  explained  by  the  lack  of 
variance  in  traffic  measures  over  the  periods  of  observation. 

The  approach  could  still  yield  a useful  model  given  sampling  over 
a wider  variety  of  traffic  oonditlone. 


Some  qualitative  conclusions  can  be  drawn  from  the 
variability  of  activities  with  traffic.  Overall  activity  was 
greater  in  sectors  having  higher  traffic  loads.  Activities 
relative  to  traffic  monitoring  were  relatively  independent  of  the 
amount  of  traffic,  communications  with  vessels  varied  with  the 
traffic.  At  low  levels  of  traffic  (below  15  vessels  in  a 
sector) , keying  activity  was  Independent  of  traffic,  probably 
dominated  by  the  keying  required  for  monitoring.  When  the  sector 
load  was  15-20  vessels,  a considerable  increase  in  keying  was 
observed,  probably  related  to  sorting  out  identities  of  vessels 
close  to  one  another,  working  with  vessel  status  cards  varied 
with  traffic. 


5.7  Recommendations 


Analyeis  of  the  data  collected  on  watchstandar  activities 
and  the  responses  recorded  in  interviews  has  revealed  several 
areas  that  appear  to  be  amenable  to  improvements.  The 
feasibility  and  desirability  of  Implementing  these  changes  can 


*A  correlation  coefficient  is  an  index  of  the  degree  to  which  two 
sets  of  measures  vary  together]  1.00  indicates  a perfect 
relationship:  0 indicates  no  relationship,  and  a negative  value 
means  that  one  measure  increases  as  the  other  deoreasus. 
Statistical  signif ioanoe  is  based  on  an  estimate  of  the 
likelihood  that  the  value  obtained  was  due  to  chance  alone  rather 
than  to  a true  relationship,  it  is  customary  to  accept  as 
significant  only  values  that  would  have  less  than  one  chance  in 
twenty  (p  less  than  .05)  of  occurring  by  random  variation. 
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not  be  determined  from  this  study.  Ne  do  recommend  that 
oonalderation  be  given  to  these  changes  and  that  their 
feasibility  be  given  study. 


a.  Add  additional  television  sites  to 
sector  III.  (Fig.  2*1,  0.2.5, 

4. So,  5.4)* 

b.  Add  a radar  site  to  Sector  ZX. 

(Fig.  2-1,  4.2.5.  4. So,  5.4) 

o.  Provide  additional  computer  display 

scopes  at  Sector  Natohstander  positions. 
(4. So,  5.2.4) 

d.  Reprogram  the  VTS-DACS  display  formats 
to  eliminate  unnecessary  displays,  to 
add  entry  time  to  the  Vessel  Departures 
Sheet,  and  to  allow  exjpansion  and  off- 
centering  of  the  Dead  Rec)ioning  sheet. 
(4.4.2,  5.2.4) 

e.  Increase  the  computer  memory  capacity 
to  permit  reduction  in  display  delay 
times.  (4.4.2,  4.51,  5.2.2,  5.2.4) 

f.  Add  more  function  Iceys  to  the  keylsoard 
to  reduce  the  number  of  keystro)ceB  re- 
quired for  requests  and  commands. 

(4.4.2,  4.51,  5.2.2,  5.2.4) 


g.  Provide  a traOcball  or  joystick  for  cursor 
control  on  the  VTS-DACS  displays.  (5.2.4) 

h.  Extend  the  tracking  algorithm  to  include 
predictions  of  changes  in  vessel  speed. 
(4.5i,  S.2.2,  5.2.4) 

1.  Obtain  a more  stable  power  supply  for  the 
VTS-DACS.  (4.4.3,  5.2.2,  5.2.4) 

j.  Reorient  and  shield  the  radar  PPl*s  to 
reduce  glare.  (5.5.1) 

k.  Increase  room  illumination  to  the  level 
of  television  and  computer  displays. 

(5.5.1) 


^Numbers  in  parentheses  refer  to  relevant  sections  of  this 
report. 
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Maak  down  the  brlgbtneaa  of  aelf>llluml- 
nated  panel  buttona.  (5.5.1) 


m.  Conduct  follow-on  atxeaa  evaluations  as 
an  aid  to  evaluation  of  the  tifelve-hour 
watch  schedule.  (5.5.1) 

n.  Study  the  relative  merits  of  grouped  versus 
segregated  sector  positions.  (S.5.2) 

o.  Provide  at  least  one  position  for  a full-time 
training  instructor.  (2.4.3*  4.5e) 

p.  Establish  a sot  of  criteria  for  selection 
of  personnel  for  VTS  duty.  (2.4.2*  4.  5d) 
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APPENDIX  A 

HOU-QAL  VTS-DACS 
DISPLAY  SHEETS 
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Figure  A>l,  SS  • Veiael  Statue  Display 


The  Vesael  Statue  Dleplay  contalne  all  the  required  information 
concerning  each  veeeel  within  the  eyetero.  Llnee  1,  3,  4.,  5,  6,  7» 

8,  9,  10,  11,  and  15  are  entered  by  the  operator*  The  computer  as- 
eigne  an  Identification  Number,  and  using  the  entered  data,  dead* 
reckons  future  positions  and  automatically  enters  the  next  check 
point  and  estimated  times  of  arrival  at  the  destination  anu  at  the 
next  check  point. 


Figure  A-2.  Dr  . Daad  Reckoning  Plot,  Format  (A) 

The  Dead  Reckoning  Plot  graphically  dleplays  the  location  of 
all  veiiela  underway  within  the  aelected  lector  bounda.  Fonnat  (A) 
alao  provide!  channel  orientation  polntei  check  points,  sector 
boundaries,  channel  navigation  points,  and  mooring  and  docking 
facilities. 
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Flgur«  A-3.  DR  • Dead  Rackonlng  Plot,  FomiAt  (A  -*■  B) 


Fonuc  (A  + B)  Includes  Fomat  (A)  plug  additional  geograph- 
ical  and  navigation  reference  points. 
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Flguro  A-5,  dr  - Dead  Reckoning  Plot,  Format  (A  + B + G) 


Format  (A  B > C)  combinea  all  of  the  data  of  Formato 
(A),  (B),  and  (C). 
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Figure  A-7,  IP  - Vessels  In-Port  Display  j 

the  Vessels  In-Port  Display  lists  those  vessels  terminated  I 

In  the  port  o£  Houstoni  Texas  City,  or  Galveston.  These  vessels 

are  dropped  from  the  Dead  Reckoning  and  the  Vessels  Underway  j 

Displays,  1 

j 


( 
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Figure  A. 8,  XR  - Traffic  Summary  Display 

The  Traffic  Summary  Display  Hats  all  vessals  within  a spec- 
ified sector  (or  sectors)  that  a specified  vessel  will  encounter, 
including  time  and  cell  location  of  each  encounter.  A total  of 
2A0  listings  at  20  per  page  Is  possible. 
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Figure  A-9,  DE  » Vessel  Departures  Display 

The  Vessel  Departures  Display  lists  those  vessels  terminated 
by  exiting  the  entire  system.  These  vessels  are  dropped  from  the 
Dead  Reckoning,  the  Vessels  Underway,  and  the  Vessel  Status  Displays, 
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Figure  A. 10.  D1  ~ Conunand  Dictionary  Display 

The  Command  Dictionary  Display  lists  all  available  computer 
keyboard  commands. 


APPENDIX  B 

OPERATIONAL  SEQUENCE  DIAGRAMS 
HOU-GAL  VTS 
ROUTINE  TRANSIT 


HOU.OAL  VTS 


EVENT  SEQUENCE  --  ROUTINE  TRANSIT 


B-JI 





OPERATIONAL  SEQUENCE  DIAGRAM  LEGEND 


O ll1forma^lon  r«calv«d  by  an  oparator  or  a lyiUm  eemponant 
Q Operator  octlon 

I 

V 

^ Tronimliiton  of  Information  or  ootlon 

Oparotor  daoltlen 
Q Automettc  action 

O Automotle  raealpt  of  tnformotton 

^ Automotle  tronimtuten  of  InformotloiV'data 

V Manual  itoroga,  filing  of  informatlort 

^ Automatic  data  itoraga 

<P  A eommunlcotloni  loop  batwaan  two  oparatori*  talk  without  olds* 


A'communlcatloni  loop  batwaan  two  oparotort,  radio  or  intarphona 


Aurally  or  Vocally 
Tootually 

a 

Vliuolly 


"Or  gate";  follow  ont  path  only 


CrmR  SECTOR 


WTCH  SUPERVISOR 


nnns  VF.ssni  cai.i.  in7 

vnssiii.  or.TKCTim 
LnAVtNG  SYSTF.M 

CM.I,S  VliSSlll, 

VliSSIil.  RIU'ORTS 
INTIiNTIPNS 
ACKNOWLP.DUUD 
rs  VliSSlU.  AN 
INBOUND  SHIP? 

I'.XIItniTllS  "IXJCK" 
COMPUTKR  RUMOVES 
DATA  PROM  "VUSSnu 
STATUS  SHEET"  AND 
ADDS  TO  "VRSRIll.S 
IN  I'UHT  SHHI!T" 

RETRIEVES  CARD  AND 

run:  stamps 

MAKES  NEK  CARD  AND 
PUTS  IN  "DOCK"  BOX 

HANDS  ODD  CARDS  TO  WS 

MAKES  ENTRIES  IN 
"DOCK  BOOK"  AND 
"DAIDY  VESSEl,  TALLY" 

EXECUTES  "OUT" 

COMPUTER  CLEARS 
"VESSEl.  STATUS  SHEET" 
AND  ADDS  DATA  TO 
"VESSEL  DP.PARTURES 
SHEET" 

RETRIEVES  CARD  AND  TIME 
STAMPS 


HANDS  CARD  TO  NS 

MAKES  ENTRY  ON 
"DAILY  VESSEL  TALLY" 
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APPENDIX  C 

[ ITEMS  ON  THE  WATCHSTANDER 

i\  ACTIVITY  LOG 


^ - Any  oommunloatlon  b«ti««an  th«  Natohitandar  and  a vaaaal 
via  radio.  A tally  was  raoordad  on  tha  log  aaeh  time  tha 
watchatandar  talkad  to  tha  vaaaal.  should  tha  watchatandar  stop 
talking  and  parforsi  anothar  activity,  such  aa  marking  a vaaaal 
status  card,  and  than  bagln  talking  to  tha  sana  or  a dlffarant 
vaaaal,  a naa  tally  waa  raoordad. 

8WI  - Communication  bat%raen  tha  Natohatandar  and  ona  of  tha 
other  two  sector  watohatandara,  daalgnatad  by  aactor  numbara  1,  2 
or  3. 


S-  Communication  batwaan  tha  Watohatandar  and  tha  External 
oator.  Talllaa  ware  not  recorded  eonslatantly  In  this 
column  bacauaa  tha  observer  was  often  unable  to  Identify  tha 
External  communloator  due  to  hla  high  mobility.  Talllas  In  this 
category  ware  oomblned  with  the  results  of  the  "other"  category 
listed  below. 

oth  - communication  batwaan  tha  Matchstandar  and  any  other 
Individual  (Including  tha  External  Communloator) . 

wo  - Communication  batwaan  the  watohstandar  and  tha  watch 
Officer. 

UK  - Communication  betwamn  tha  Watohstandar  and  an 
unidentifiable  Individual.  This  category  was  delated  from  the 
data  analysis  because  no  such  activity  was  observed  to  occur. 

Rad  Adi  - Any  operation  of  radio  controls  performed  by  the 
watchstam^  (such  as  channel  salaotion  or  volume  adjustment) . 


£9M£2im 


Monitor  8>  - The  Watchstander  looked  at  the  CRT  display (s) 
of  anc^nar  Watohstandar,  designated  by  sector  numbers  1,  2 or  3. 
The  third  column  entitled  "Si"  was  not  used  In  data  collection. 
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Displw  1.2  - The  Watohetander  monitored  the  left  (1)  or 
right  (2)  CXT  dleplay  at  hie  position.  A tally  was  recorded  each 
time  the  watohstander  viewed  the  display.  A single  tally  was 
made  whenever  a keyboard  entry  was  made,  since  this  activity 
required  observing  the  display.  When  the  watohstander 
Interrupted  his  monitoring  or  keying  activities  to  perform 
another  observable  activity  and  then  resumed  monitoring  or 
keying,  a new  tally  was  recorded  on  the  log. 


The  display  sheet  which  was  viewed  on  the  CRT  was  indicated 
by  an  enoiroled  number  beside  the  tally  to  Identify  one  of  the 
seven  available  display  sheetsi 


1.  S6  - vessel  status  plot  sheet  for  each  vessel 

2.  DR  *•  Dead  Reckoning  plot  sheet  for  each  sector 

3.  VO  - Vessels  Underway  sheet  for  each  sector 

4.  IP  - Vessels-ln-Port  sheet  for  each  port 

5.  TR  - Traffic  Summary  sheet  for  each  vessel 

6.  DS  - Vessel  Departures  shset  for  the  VTS 

7.  Di  - command  Dictionary 


Keyboard  A ■"  A key  entry  of  one  or  more  consecutive 
keystrokes  performed  by  the  Watohstander  in  the  alphanumeric 
section  (key  group  A)  of  the  Command  Keyboard.  A tally 
represented  one  key  action  which  began  with  the  start  of  a key 
entry  and  ended  when  the  Watohstander.  made  a key  entry  at  another 
section  of  the  keyboard  or  stopped  keying. 


Keyboard  B - A key  entry  of  one  or  more  consecutive 
keystrokes  performed  by  the  Watohstander  in  key  group  B of  the 
Command  Keyboard,  composed  of  12  function  keys  used  to  implement 
command  operations.  Tally  procedures  were  the  same  as  for 
"keyboard  A." 


Keyboard  C - A key  entry  of  one  or  more  consecutive 
keystrokes  performed  by  the  Watohstander  in  key  group  C of  the 
Command  Keyboard  composed  of  12  function  keys  used  for  cursor 
operations. 


Keyboard  D - The  Watohstander  made  a single  keystroke  to 
select  one  of  the  two  CRT  units  to  which  keyboard  entries  were  to 
be  addressed. 


SMS& 


US  - lh«  watahatand«r  marked  a written  entry  on  the  Vestel 
status  Card,  h tally  was  recorded  each  time  the  matohstander  wae 
Involved  In  writing  on  a card. 


X£  - ihe  watohstander  time-punohad  a Vessel  Status  Card 
either  upon  vessel  entry  into  or  exit  from  the  VTS.  h tally  ess 
recorded  for  each  time-punch  activity. 


CS  **  watohstander  referred  to  (or  checked)  one  or  more 
ves8e~statua  cards.  In  referring  to  a oard»  the  Watohstander 
may  have  physically  handled  the  card  or  simply  viewed  it. 


or 


r/y  - The  Watohstander  filed  one  or  more  Vessel  Status  Cards 
updated  card  positions  on  the  plotting  board  at  his  position. 


Qd  - The  Watohstander  handed  one  or  more  vessel  status  Cards 
to  another  person  or  received  one  or  more  cards  from  another 
person. 


jy 


(IQ  - The  Watohstander  looked  at  the  array  of  four  TV 
displays  at  his  position. 


^ - The  Watohstander  made  a camera  selection  at  his  TV 
adjusuient  panel. 


£q  - The  Watohstander  made  one  or  more  consecutive  panning 
adjustments. 


21  - The  Watohstander  made  one  or  more  consecutive  looming 
adjustments. 


kdi  - The  Watohstander  made  other  TV  adjustments  (such  as 
brightness  or  contrast) . 
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to sector  I Watohatandcr  monitorad  tha  radar  dlaplay  at 
hia  poaltlon.  K tally  waa  raoordad  aaoh  tlma  tha  Vatchatandar 
viawad  tha  dlaplay.  With  aaoh  radar  adjuataiant  activity,  ona 
tally  waa  raoordad  alnoa  monitoring  waa  raqulrad. 


Mi  - saotor  X Vatohatandar  mada  radar  adjoatmanta  othar 
than  oantarlng,  aoallng  and  ooraor  adiuatmanta  llatad  balow.  ha 
with  all  adjuatmant  aotlvltiaa,  a tally  waa  raoordad  whan  tha 
watohatandar  bagan  adjuatlng.  Tha  activity  waa  oonaldarad 
oomplatad  whan  tha  watohatandar  ohangad  from  an  adjuatmant 
aotivlty  to  anothar  aotlvity,  ragardlaaa  of  tha  numbar  of 
apaolfie  adjuatmanta  mada  daring  thia  tlma. 


CN  - Saotor  I Watohatandar  oantarad  or  off-oantarad  tha 
awaap  on  hia  radar  dlaplay.  Tally  apaolfioatlona  wara  tha  aama 
aa  for  "Mj"  oatagory  llatad  abova. 


SSt  "Saotor  x watohatandar  ohangad  tha  aoala  on  hia  radar 
dlaplay.  Tally  apaolfioatlona  wara  tha  aama  aa  for  "Mj" 
oatagory  llatad  abova. 


CR  - saotor  X Watohatandar  oparatad  tha  cursor  on  hia  radar 
dlaplay. 


Qi;  - Tha  Watohatandar  oonaultad  a rafaranoa  (auoh  aa  a book 
or  a aat  of  Indax  oarda) . 


Mb  -Tha  Watohatandar  laft  his  position.  A slngla  tally  mark 
was  mMa  for  any  aat  of  aotlvltiaa  ooouring  batwaan  tha  tlma  ha 
laft  hia  poaltlon  and  tha  tlma  whan  ha  was  s4atad  again  at  his 
poaltlon. 
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TIME  (IN  SEC.) 


DISPLAY:  VESSEL  STATUS  SHEET 
KEYS  C8]  : O®  SSI###  NEW  LINE 


DISPLAY:  DEAD  RECKONING  PLOT 


TIME  (IN  SEC.) 
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APPENDIX  F 

INTERVIEWS  AT  HOU-GAL  VT$ 
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1 1 
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T~1 


Individual  Intarvlawa  ware  conducted  with  watohetandera 
during  tha  same  daya  that  activity  obaarvatlona  wara  mada, 
ganarally  vrtian  tha  intervlawaa  was  on  XC  duty.  Tha  Intarvlawar 
and  lntarvla%»aa  wara  seatad  comfortably  in  an  environment 
relatively  quiet  and  free  of  interruptlona  (tha  lounge  or  tha 
equipment  room).  Tha  Interview  waa  conducted  aa  a oonvaraatlon. 
Tha  Interviewer  waa  guided  by  a format  In  order  to  cover  all 
toplca,  but  tha  exact  wording  of  quaatlona  and  order  of  toplca 
ware  varied  to  allow  apontanalty  in  the  interviewee 'a  raaponaaa. 


The  interviewer  explained  tha  alma  of  the  project  and  tha 
interview  briefly^  atreaalng  tha  fact  that  the  ayatemf  not  the 
Interviewee  waa  being  evaluated.  Then  the  Intarvlawar  aa)ced»  and 
encouraged  dlacuaelon  of,  a aerlea  of  quaatlona.  The  nature  of 
each  queation  (not  neceaaarlly  tha  exact  wording  uaed  with  each 
aubject)  will  be  given  below,  followed  by  a aunmary  of  the 
reeponaea. 


F . 1 , r . 2 Qsvf  long  have  ysji  been  Jji  j^lje  Coaat  SliAXd?  How 
long  hav^  vou  been  ^ yjs?  Ten  enliateS  watcnatandara 

anS  two  wat^  offioera  weraTntar viewed.  Their  anawera  to  thaae 
two  queationa  are  tabulated  in  Table  r-l.  It  can  be  aeen  that 
both  total  experience  In  tha  coaat  Guard  and  VT8  axperlanoa 
varied  oonaidarably.  The  two  old-tlmera  were  relatively  new  to 
VTS  work,  while  tha  majority  had  had  only  two-to-threa  yaara  In 
tha  Coaat  Guard  before  aaslgnment  to  the  VTS. 


F.3  22  vov  like  VTS  duty?  Why?  Nine  intervieweea  aaid 

they  liked  VTS  duty,  two  disliked  1^,  and  one  waa  neutral.  Three 
simply  considered  It  a good  job,  three  felt  It  was  challenging, 
one  found  It  rewarding,  and  one  found  it  exciting.  On  tha  other 
hand,  one  Interviewee  disliked  tha  work  baoausa  ho  found  It 
boring.  Those  who  liked  VTS  duty  least  had  bean  there  the 
longest,  but  soma  with  over  a year  at  tha  Canter  still  found 
ohallengoB  and  rewards  in  the  «rork. 


F4.  jiaa  effactlYt  ibl  iCES^  iitlX’  twelve 

Interviewees  gave  positive  raaponsaa-^^at  la,  they  found  value 
in  tha  work.  Five  responsca  cited  tha  provision  of  aarvloaa  that 
would  otherwlaa  be  unavailable.  Four  strasaad  safety  and 
accident  reduction.  Two  claimed  that  the  VTS  has  demonstrated  to 
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the  Coast  Guard  and  the  community  that  It  can  do  what  it  ia 
Intended  to  do.  Four  gave  qualified  reeponeee  <e.g.,  "Effeotlve- 
-considerlng  that  it  isn't  mandatory.**  "Very  ef feotive—if  the 
public  will  participate.")  Other  comments  stresbod  the  special 
needs  of  Houston  (narrow  channel,  need  for  advance  vessel  to  ride 
"shotgun",  and  even  reduction  of  Channel  13  chapter  because  they 
are  Icnown  to  be  taping  transactions) . 


HOW  would  you  improve  the  Operation^  Only  one 
interviewee  had  no  ideas  for  improvement. live  wanted  more  TV 
sites;  three  wanted  more  radar  sites.  Four  would  ll)ce  to  see  the 
computer  respond  faster;  three  would  like  more  computer  displays 
and  more  information  on  the  displays,  and  one  said,  "Get  rid  of 
the  computer."  One  interviewee  would  like  to  see  civilians  (like 
the  FAA)  rather  than  the  coast  Guard  operating  the  service—' 
reflecting  a concern  that  VTS  could  become  more  of  a police 
operation  than  a service.  Another  intervle%Me  would  like  to  see 
an  improved  arrangement  of  equipment. 


F.6  How  do  you  think  pilots  and  masters  feel  about  the  VTSF 
Nine  of  the  interviewees  felt  that  the  general  attitude  of  pilots 
and  masters  is  positive.  Several  pointed  out  that  a few  are  very 
negative.  Likewise,  ten  interviewees  characterised  pilots  and 
masters  as  cooperative;  two  noted  that  a few  are  uncooperative, 
and  one  felt  that  a few  are  indifferent. 


feii4ning 
aa  to  wh 


Sig  fttitude  ftfegat  gtimgf  ju  & stivUt.  st 

7 Three  interviewees  came  to  the  VTS  wii 


with  no  expectation 

lat  the  duty  would  be  like.  One  other  found  the  duty  to 
be  about  as  expected;  three  initially  thought  the  duty  was  worse 
than  expected,  of  these  seven,  five  liked  the  duty  better  after 
training;  the  two  who  hadn't  known  what  to  expect  didn't  like  it 
any  better  after  training. 


F.8  flnx  attyjoua  ftyjatAanv  iajjg  prcBota  m t2£  m 
dutvt  Two  Interviewees  replied,  "No,"  one  "very  little."  seven 
cited  the  value  of  previous  communications  experience,  five 
mentioned  shipboard  experience  (handling,  rules  of  the  road, 
terminology,  what  it's  like  to  be  on  a ship),  and  four  rsf erred 
to  experience  with  radar.  One  interviewee  specifically  stated 
that  experience  in  speed  typing  does  not  help,  since  the  computer 
rejects  fast  inputs. 


F.9  Hhgt  paiAg  21  ^ iafe  yar*  igiahiit  ta  inW  ro\it 

interviewees  felt  that  the  location  of  industries  was  the  hardest 
thing  to  learn.  Three  others  mentioned  general  channel 
knowledge.  Three  cited  understanding  accents,  and  two  others 
noted  special  terminology.  Two  interviewees  had  difficulty  in 


Vi:-'.' 
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learning  to  talk  to  civilians  on  the  radio.  One  oitod 
coordination  of  multiple  activities. 


F.  10  .tflHgtim  lifip  An  ^ ^ 

computer?  Bight  Interviewees  simply  stated  that  transition  to 
the  computer  uas  easy.  Four  had  difficulty  in  learning  to 
visualise  the  channel  and  traffic  from  the  display  formats.  Two 
people  noted  that  slowness  of  computer  response  made  it  hard  to 
operate.  Two  cited  the  effort  required  to  enter  vessels  into  the 
system. 


F.11  How  would  you  improve  watchstander  training?  Four 
Intervisweso  called  for  a more  organised  training  programf  with 
mors  testing  and  evaluation  of  trainee  progress.  Three  cited  a 
need  for  more  training  personnel,  particularly  an  Instructor  with 
time  for  teaching  and  evaluation.  Five  would  like  to  see  more 
vessel  rides  on  the  ohannel;  one  suggested  following  up  rides 
with  a reinforcing  experience,  such  as  slides  and  questions.  Two 
intervieiNies  called  for  continued  training  on  the  use  of  the 
board  as  a backup  in  case  of  computer  failure.  One  person 
proposed  more  instruction  on  making  clear,  conolse  advisories. 


F.  iia  flw  mid  m 

The  following  criteria  were  suggested  for  selection  of  Coast 
Guard  personnel  for  1^8  duty.  The  number  in  parentheses 
indicates  the  number  of  interviewees  proposing  that 
criterion. 


good  hearing  (5) 

Good  general  health  (5) 

Personal  qualities  (motivation,  intelligence, 
willingness  to  learn)  (4) 

Language  skills  (3) 

Relevant  experience  (communications,  port  traffic, 

ship  handling,  radar,  knowledge  of  Houston  area, 
eervioe  record)  (3) 

Motor  coordination  (2) 

Visit  to  VTS  before  accepting  assignment  (1) 


F.12  ds  ZSU  interviewees 

were  generally  on  their  first  day  of  the  new  1 I- hour  watch 
schedule  when  interviewed.  Their  responses,  therefore,  were 
estiioatcs  as  to  how  they  would  Ilka  the  new  schedule.  Of  eleven 
responses,  ten  were  favorable.  The  negative  response  reflected 
concern  over  fatigue  effects.  Two  others  anticipated  some 
fatigue  tut  felt  that  the  extra  free  time  made  it  acceptable. 

Five  responses  favored  the  better  distribution  of  free  time.  One 
also  indicated  that  there  would  be  more  continuity  on  the 


channel.  It  waa  also  noted  that  f attar  watohas  would  result  In 
lass  driving  and  conservation  of  fuel,  one  interviewee  felt  that 
another  watch  section  is  needed. 


F.  12a  ^ m EiaUiCffl  IS 

"free”  timeT  Four  interviewees  experienced  no  duty  demands 
on  free  timet  six  pointed  out  that  some  (an  aooeptabie 
amount)  of  free  time  was  used  for  requalifioation  rides  and 
in  helping  trainees.  Two  noted  that  the  new  schedule  may 
result  in  more  "off  time  dutyt  but  that  it  is  worth  it. 


F.  13  AiiSft  t s£  m of  the  tm 

responses  to  this  question#  seven  had  no  objeotim  to  a second 
VT8  tour#  three  would  not  want  another.  However#  several 
interviewees#  who  were  leaving  the  Coast  guard  after  this  tour# 
were  speculating  on  how  they  would  feel  if  they  were  staying  in. 


F.  U UAXi  ^ IjltM  l&C  iBfiX&XlflS  gflCXiMSt 
interviewees  had  no  ideas.  Four  wanted  the  watchstanders  to  be 
closer  together#  to  permit  any  watchstander  to  monitor  all 
sectors  and  to  facilitate  handoffs  between  sectors.  Pour 
proposed  arranging  positions  side-by-side  in  a line}  one 
suggested  a circle.  One  noted  that  the  line  arrangement  would 
keep  it  a team  effort.  There  were  two  proposals  to  remount  the 
keyboards  and  CRT's  into  a more  compact  console#  and  two  for 
havino  three  CRT's  at  each  position,  one  interviewee  suggested 
rotating  the  sector  XI  radar  console  90  degrees  to  eliminate 
window  reflections  on  the  faceplate. 


F. 15  and  F.16  (Items  combined  into  F. 14) 


F. 17  Have  you  any  ideas  for  improving  oomputer  formats? 

Right  interviewees  had  no  ideas.  Two  proposed  adding  a third 
CRT.  Two  suggested  showing  the  whole  channel  on  a single 
display.  Three  cited  a need  for  faster  response— mors  ready 
access  to  data.  Other  individual  suggestions  werst 

"Dook"  and  "Vessels  in  Port"  should  roll  to  page  1 from 
the  last  page. 

Destination  should  be  added  to  the  "Vessels  Underway"  sheet. 

Don't  stop  the  vessel  target  at  checkpoints. 

Drop  ths  "Traffic  summary." 
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F.18  Rate  all  aide  XSC  importance  And  neaae.  Interviaweee 
were  aaked  to  rate  each  or  twelve  worK  aide  on  a five-point  eoale 
both  for  importance  and  frequency  of  usage.  Table  F-2  summarises 
these  ratings.  They  show  clear  agreement  on  the  importance  and 
frequency  of  usage  of  the  computer  keyboard  and  the  display 
sheets  (8S«  DR,  VU)  necsssary  for  data  entry  and  system 
monitoring.  Similarly,  the  radar,  the  individual  television 
displays,  and  the  radio  were  highly  rated.  Comments  by 
Interviewees  emphasised  their  importance.  On  £adA£>  "More 
improvement  than  the  computer."  "1  use  it  eontlnuousiy. " "X'm 
blind  without  it."  "Best  thing  that  ever  happened."  On 
televisiont  "You  he  is  there."  On  Channel  13i  "It  gives 
you  the  truth. " opinion  differed  more  on  the  repeater  television, 
averaging  of  medium  importance  and  seldom  used. 


There  was  general  agreement  that  the  DB  and  DX  sheets  are 
unimportant  and  seldom  used.  Opinion  spread  more  evenly  on  the 
importanoa  of  the  TR  sheet,  ranging  from  high  to  vary  low,  but 
with  two-thirds  of  the  ratings  in  the  low  and  very  low 
categories.  There  was  more  agreement,  however,  that  usage  of 
this  display  is  low  (eleven  ratings  of  low  or  very  low) . The  XP 
was  rated  of  high  importance  but  medium  usage. 


comments  on  the  display  sheets  are  illuBilnatingt  On  Mi 
"ITk'a  arc  inaoourate. " On  DRt  "Dsed  more  than  any  other.^On 
3Q)i  "Cards  take  the  place  of  VU."  on  jjgi  "Redundant  to  the  box 
of  cards."  "Used  mainly  by  supervisors."  On  X£i  "Virtually 
useless."  "Used  mainly  by  supervisors."  (One  of  the  two 
supervisors  interviewed  rated  it  as  used  hardly  ever,  the  other 
as  used  some).  "Doesn't  allow  for  changes  in  speed." 
"Predictions  unreliable."  On  £|i  "Redundant  to  the  talley 
sheet."  On  £X<  "tised  only  for  training." 


The  Vessel  status  Cards  were  generally  rated  Important  and 
very  often  used.  Comments  on  cards  Includedi  "Basy  to  get  the 
information."  "Easy  for  handoff."  "Good  for  getting  statistics." 
"Fix  the  computer,  and  you  can  do  away  with  the  cards." 


r.  19  B2S  dS  m mi  iJll  agBBBittiT  HiUUl  |£f  idlEtflElliE 

and  disadvan tapes T Opinion  split  on  the  computer.  Four 
interviewees  liked  it,  five  disliked  it,  and  three  were  neutral, 
comments  of  those  who  liked  it  included!  "Iiove  it."  "Like  it  a 
lot."  "Orest."  "Oood. " comments  of  those  who  disliked  it 
included!  "Worthless."  "Money  was  not  spent  wisely."  h typical 
neutral  comment  wasi  "It's  OR  but  needs  changes."  Table  F-3 
summarises  the  advantages  and  disadvantages  noted  and  shows  the 
attitudes  of  those  who  noted  them.  It  is  interesting  to  observe 
that  more  advantages  of  the  computer  were  noted  by  those  who 
disliked  it  than  by  those  who  liked  it.  The  principal  complaint 


TABLE  F-2.  RATINGS  OF  AIDS 


Ce«pu(er  Kiybotrd 
Vaiitl  Statui  lhaat  (ts) 

Daad  Raekonini  (hatt  <DR) 
Vaiaala  Undtrvay  lhaat  (VU) 
Viiiali  In'lott  lhaat  (IP) 
Traltle  luanary  lhaat  (TR) 
Vaiaal  Dapaiturai  lhaat  (Dl) 
CoMMnd  Dletlanary  (DI) 

Radar 

Talavlaion  > Individual 
* Rapaatar 

tRadlo  • Ch.  la 
> Ch.  n 
It  Carda 


* 11  raaponaaa 

•*  10  raaponaaa 


TABLE  P-3*  ADVANTAGES  AND  DISADVANTAGES  OF  COMPUTER  AND  BOARD 


Coaputar 

A4vtnta|*t 

L 

D 

M 

Dlaadvancaiaa 

L 

D 

N 

AutoMtle  Upditlnt 

2 

2 

1 

•low  (keying,  dalaya,  rejacta) 

1 

3 

3 

Accuracy 

1 

2 

1 

Mo  batter  than  beard 

2 

Ccaputci  ipccd 

2 

1 

laalttaa  watchatander  ftoa  othare 

1 

1 

Kccpc  Mrehlni  order  c(ral|ht 

1 

Mtkaa  alatakaa  when  apead  ohanget 

1 

Good  for  luHury  itctlctlcc 

1 

Hard  to  get  dattlnatlen  and  draft 

1 

Would  bo  toed  It  laprovcd 

2 

Board 

Advinccccc 

L 

D 

M 

Blaadvantagaa 

L 

D 

N 

Accurcta 

1 

Natd  to  advance  earde 

2 

1 

fact 

1 

2 

1 

Doatn't  adjuat  apead 

1 

Mo  breakdetma 

1 

Net  accurate 

2 

rarolta  taaa  operation 

2 

d 

Operation  toe  ralanad 

1 

Don't  have  to  do  thinia  tulca 

1 

Can  tall  thlpa  troa  towa 

1 

rtna  with  coaputar  at  backup 

1 

L • Lika 
D > DUllka 
II  • Nauival 


I 

i 


1 


I 

I 


I 

I 

t 

I 

I 

I 


i 
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about  the  computer  is  the  delay  Incurred  by  the  amount  of  keying 
required,  the  delay  in  the  display  appearance  after  keying,  and 
the  rejection  of  entries.  Two  of  the  five  who  disliked  the 
computer  added  that  they  would  like  It  it  it  could  be  Improved. 


F.20  H2g  wgai^  jtsa  Ulsj  to  raiap  %s.  waipa  Hbfii 

are  its  advantaaes  and  dlsadvantaoes?  only  three  interviewees 
wanted  to  return  to  use  of  the  board.  Five  did  not  like  the 
idea,  and  four  were  neutral.  Those  electing  to  go  back  said  they 
would  "love"  or  "enjoy"  it.  One  who  did  not  want  to  go  back 
said:  "It  would  be  like  a demotion."  The  advantages  and 
disadvantages  noted  are  summarized  in  the  lower  half  of  Table  F- 
3.  The  principal  advantages  of  the  board  (noted  even  by  some  who 
would  not  want  to  go  back  to  it)  are  the  speed  of  information 
retrieval  and  its  compatibility  with  group  operation.  The  main 
disadvantage  seems  to  be  the  requirement  to  advance  the  cards. 


r.21  Rate  the  gualitiea  gjc^  Silfi  computer.  Interviewees  were 
asked  to  rate  the  computer  for  accuracy,  speed,  ease  of  use,  and 
display  legibility,  using  a five-point  scale.  The  ratings  are 
summarized  in  Table  F-4.  There  was  good  agreement  that  the 
computer  responds  too  slowly  and  that  the  displays  are  legible, 
accuracy  was  generally  rated  highly,  but  one  rated  it  very  low 
because  of  tracking  inaccuracies  when  vessels  change  speed.  Four 
interviewees  commented  to  the  effect  that  the  computer  is  only  as 
accurate  as  the  data  the  operator  gives  it.  although  legibility 
was  no  problem,  two  interviewees  felt  eye  fatigue  (probably  due 
to  poor  contrast  on  the  display) . another  noted  that  one  can't 
watch  the  display  constantly  and  suggested  adding  an  audible  tone 
when  vessels  reach  checkpoints.  There  is  a spread  of  ratings  on 
ease  of  use.  The  high  ratings  seem  to  imply  that  there  is 
nothing  difficult  to  learn  or  understand  in  usage:  the  low 
ratings  seam  to  reflect  the  amount  of  keying  and  delays  incurred- 
-that  is,  the  amount  of  effort  involved  in  using  the  computer. 


F.  22  fttye  isapig  &11Z  sgti^l  ia  9Je«(!ting  yje 

computer?  Five  Intervleweee  responded,  "No".  Spscifio 
techniques  mentioned  included: 


Use  SS  Instead  of  VU  for  changes. 

To  get  identity,  use  VU  page.  It  is  easier 
to  key  in  ID  than  to  operate  the  cureor 
on  the  OR  display. 

Use  "Break  Release"  instead  of  "New  Line." 
Use  "Move"  Instead  of  "Go." 

Don't  run  light  boats  (tugs  without  tows). 
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TABLE  F-4.  RATINGS  OF  COMPUTER  QUALITY 


Very  Med- 

Hiqh  High  lum  Low 


Very 

fcffl.H. 


*Accuracy 

Speed 

Ease 

Legibility 


6 3 1 

2 

3 2 2 

5 6 


1 

6 4 

4 1 

1 


'*'11  responses 


TABLE  F-5.  ESTIMATES  OF  NUMBER  OF  VESSELS  THAT  CAN  BE 
HANDLED  COMFORTABLY  AT  ONE  TIME 


Number  of  Vessels 

10-14 
15-19 
20-24 
25-29 
30-34 
Over  35 


Number  of  Estimates 

2 

6 

6 

0 

2 

2 


F.  23  jjow  flattY  yfyseif  SM  aaa  bgaaig  M 2^ 

time?  Answers  to  this  question  veried  considerably.  The  highest 
estimate  was  40  In  sector  lit  the  lowest,  10  In  Sectors  I and  IXX 
(this  by  a ws  estimating  what  watohstanders  could  handle).  Table 
F-5  summarizes  the  estimates.  An  average  figure  seems  to  be 
around  20  vessels. 


F.  24  what  wavs  could  g.  Impediment  safe 

traffic  flow?  Three  interviewees  suggested  that  vessel  masters 
and  pilots  may  become  too  dependent  on  the  vrs  and  fail  to  take 
normal  precautions.  Three  interviewees  noted  that  the  VTS  can, 
and  sometimes  does,  give  "bad  traffic"  advisories.  Several 
comments  were  made  to  the  effect  that  if  the  system  became 
mandatory,  inexperienced  people,  in  the  wrong  position  and  under 
pressure,  would  be  giving  commands,  getting  too  involved  in 
situations  that  should  be  left  to  others  to  resolve. 


F.25  in  your  owQ  ekpn^*pc^i  !>£•  iUlS  m ^ 

accidents  or  incidents?  Five  interviewees  mentioned  one  incident 
where  a mixup  in  two  destination  names  that  sounded  alike  led  to 
a near-collision.  Three  other  near-accidents  were  cited  once 
each.  Four  incidents  were  cited  where  the  VTS  was  of  particular 
benefit.  The  possibility  was  noted  that  an  operator  occupied 
with  the  computer  may  miss  a mistake  made  by  a trainee.  All 
agreed  that  inridents  caused  or  aggravated  by  the  VTS  are  very 
rare. 
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APPENDIX  G 
STRESS  QUESTIONNAIRE 


ln^9<iag£j^on 


In  staffing  a vassal  traffic  sarvioa  oantar  oara  must  ba 
taken  not  to  ovarly  atrasa  any  Individual  watohstandar. 

Excessive  stress  laads  to  poor  morale,  deganerativa  health,  and 
accidents. > However,  except  for  comments  and  observations,  no 
indications  of  any  stress  present  at  vassal  traffic  canters  has 
been  recorded.  The  radaral  Aviation  Aganoya  has  successfully 
estfiblished  the  presence  of  stress  in  air  traffic  controllers,  a 
position  similar  to  watchstandars,  using  a p&per-and>penoil 
questionnaire. 


To  establish  the  presence  of  any  measurable  straas  at  vassal 
traffic  centers,  a modification  of  the  FAA  survey  was 
administrated  to  trine  watchstandars  at  the  Houston-dalvaston 
Center.  All  nine  were  given  an  initial  survey  and  a packet  of  16 
to  be  completed  according  to  the  following  schedule  and  mailed 
back.  For  each  of  four  days,  watuhstanders  were  to  complete  one 
questionnaire  just  prior  to  a shift,  one  about  halfway  through, 
one  immediately  upon  ending  the  shift,  and  one  at  least  three 
hours  later  at  home.  Six  watchstandars  completed  and  returned 
all  16. 


Method 


The  questionnaire  (see  Table  0-1)  consists  of  30  items 
assessing  the  degree  of  stress  susceptable  somatic  and  mood 
states  from  none  through  moderate  to  severe  rather  than  mearly 
their  presence  or  absence  as  in  the  FAA  survey.  This 
modification  was  necessary  to  accommodate  the  smaller  number  of 
watchs tenders. 


Each  participating  watohstander  was  informed  as  to  the 
purpose  of  this  study.  Upon  agreement  to  participate,  each 
received  written  instructions  (see  Table  Q-2).  Any  questions 
were  answered,  than  the  watohstander  began  completing  the 
questionnaire.  The  experimenter  observed  the  watohstander *b 
method  of  answering  to  assure  that  it  complied  with  the 
instructions.  The  questionnaire  required  about  2 minutes  to 
complete. 
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TABLE  G-1.  STRESS  QUESTICNNAIRE 


Oiimp)i.'U>  only  t'.hoNi'  rirnt  two  1 1 nun. 


I.D.  ! 

DATE: 

SHIFT! 

TIME  OF  DAY 

PRE 

1' 

DURING 

POST 

HOME 

TRAFFIC  LOAD! 

WEATHER! 

Etch  lint  btlow  repcatonta  a ncalt  of  aymptoms  you  might  experience  ranging 
from  none  to  aovere.  For  each  Item  below  pleane  mark  an  (X)  anywhere  along 
the  line  corresponding  to  the  degreo  of  symptom  you  arc  now  experiencing. 
(You  may  go  beyond  the  ends  of  the  line  If  you  wish.) 


1. 

Headache! 

1 

1 

Nona 

Moderate 

Severe 

2. 

Constipation! 

1 

1 

None 

Moderate 

Severe 

3. 

Sweating! 

l._ 

1 

None 

Moderate 

Severe 

4. 

Twitching 

1- 

1 

muscles: 

None 

Moderate 

Severe 

S. 

Dlttlness! 

L. ' 

1 

None 

Moderate 

Severe 

6. 

Poor  appetite: 

1 

1 

None 

Moderate 

Sovoro 

7. 

Chest  pains! 

1 

1 

None 

Moderate 

Severe 

8. 

Loose  bowels: 

1 

1 

None 

Moderate 

Severe 

9. 

Loss  of  temper! 

L__.  

...  . 1 

None 

Modorate 

Severe 

10. 

Difficulty 

1 

1 

In  breathing! 

None 

Mc'iiorate 

Severe 

11. 

Aching  or 

l._ 

1 

burning  eyes: 

None 

Ftodereta 

Severe 
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12<  I n<l  Incut  Ion  or  i 

lioart  hariii  None 

13.  UlfEiculty  in  l_; 

staying  awake.  None 

14.  Stiffness  or  i 

body  tensenoas:  None 

15.  Bothered  by  dts-  i 
tractlng  nolae:  None 

16.  Nausea  or  sick  i 

to  your  stomach)  None 

17.  Asthma)  L_ 

Nona 

18.  Insomnia)  j 

None 

19.  Nightmares)  I 


Muderato 

Moderate 

Moderate 

Hodernte 

Moderate" 

Moderate 

Moderate 

Modaroto" 


..... J 

Kevuro 


Severe 


Severe 


Severe 


Severe 
Severi' 
Scivere ' 
^vero 


Each  line  below  repraeonts  a scale  of  moods  you  might  feel  ranging  from  none 
to  aavoro.  For  each  item  below  ploaae  mark  on  (X)  anywhere  along  the  line 
corresponding  to  the  dogree  of  mood  you  feel  at  the  presant  moment.  (You  may 
go  beyond  the  ends  of  the  line  if  you  wish.) 

1.  ' Worry)  L I 

None  Moderate  Severe 

2.  Uncorafortablo  , i 

None  Moderate  Severe 

3.  Tense)  [ i 

None  Moderate  Severe 

4.  On  fldgo)  I I 


5.  Irritable;  ; 

None 


6.  Fidgety; 

7.  Doiironsnd; 


I 

None 


Moderate 

"Modorai'r"' 

"Fiodero)ii' 

Moderate 
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Severe 


Severe 

Severe' 

Severe 


H. 

Illtnur ; 

1 

Nonu 

Modi' rnl'i< 

Suvcri' 

9. 

AnxtouH: 

i...  - 

1 

None 

Modoroto 

Severe 

10. . 

Tired t 

1 

, 

1 

Nono 

Moderate 

Severe 

11. 

Drowey 

t... 

1 

Nona 

kodarnuo 

Severe 

TABLE  0-2. 


STRESS  QUESTIONNAIRE  INSTRUCTIONS 


U.8.  Department  of  Transportation 
Transportation  Systems  Center 
Kendall  Square 
Cambridge/  MA  02142 


This  survey  is  designed  to  assess  the  physical  and 
psychological  effects  you  experience  in  connection  with 
your  work  as  a U.S.  Coast  Ouard  Vessel  Traffic  Services 
watchstander . Under  no  circumstances  will  your  answers 
become  a part  of  your  personnel  file  or  in  any  way  affect 
your  status  in  vessel  traffic  services  work.  You  will  be 
assigned  an  identification  number  so  that  all  responses 
from  each  individual  can  be  kept  together.  These  data 
will  be  stored  at  the  Transportation  Systems  Center  until 
summarized.  At  that  point  there  will  be  no  further  need 
to  identify  an  individual's  data  and  all  forms  will  be 
destroyed. 

Your  task  is  to  rate  the  degree  of  physical  or  psy- 
chological effects  you  are  experiencing  at  the  time  you 
fill-out  the  rating  form.  You  are  to  complete  the  rating 
form  four  times  each  working  day:  Just  before  beginning 
a shift)  during  a break  or  lull  about  half  way  through  a 
shift)  at  the  end  of  the  shift)  and  at  home  at'  least  three 
hours  after  a shift.  You  are  to  do  this  for  one  week. 

Your  specific  task  on  each  form  is  to  rate  the  degree 
of  phyeical  or  psychological  effects  you  are  presently  ex- 
periencing for  each  item  from  none  through  severe  by 
marking  an  X anywhere  along  the  line  as  illustrated  in  the 
examples  below.  Suppose  at  the  time  you  are  completing 
the  form  you  do  not  have  a headache,  then  mark  the  item 
as  shown: 

1.  Headache:  | 

None  Moderate  Severe 

Suppose  you  do  have  a headache  at  the  time  you  are  completing 
the  form,  than  depending  upon  its  degree'  you  might  mark  the 
item  as  shown: 

1.  Headache:  i I 

None  ~ Moderate  * Severe 


Your  cooperation  is  greatly  appreciated.  Thank  you. 
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Th*  rttaulti  ara  praaantad  graphically  In  Figuraa  O-l  through 
GH7  for  tha  aomatlo  itoma  and  Figuraa  a>8  through  0-15  for  tha 
mood  Itama.  Baoh  figura  praaanta  tha  naximum*  madlan#  and 
minimum  valuaa  for  aach  Inatanoa  during  a day  which  tha 
quaationnalra  waa  oomplatad.  Tha  numbara  on  tha  vartloal  axla 
indioata  tha  dlatanoa  (In  cantlmatara)  along  tha  acala  from  Nona 
( 0 to  0.85  cm.)  through  Nodarata  (3.50  to  5.25  cm.)  to  aavara 
(8.0  to  9.5  cm)  at  which  aubjacta  could  mark  aach  itam.  Tha  moat 
important  raault  la  that  avary  itam  axhlbita  a woraaning  trand 
throughout  tha  day.  (only  thoaa  itama  for  which  tha  poat  ahlft 
madian  axoaadad  tha  limit  for  Nona«  0.85,  ara  ahown.) 


Tabla  Q-3  praaanta  thaaa  raaulta  ordarad  by  tha  magnltuda  of 
tha  Poat  ahlft  madian  for  thoaa  itama  axoaadlng  Nona.  Bavan  of 
tha  19  aomatlc  Itama  and  8 out  of  tha  11  mood  itama  Indioata 
appraolabla  atraoa.  Tha  moat  aanaltiva  itama  ara  aching  or 
burning  ayaa  and  tlradnaaa. 


Tha  FAA  raaulta  ara  alao  praaantad  in  rank  ordar.  Although 
not  parfaot,  tha  two  ranklnga  agraa  fairly  wall  (Bpaarman  rank 
ordar  oorralation  ••  0.79,  t (df  - 17)  ■ 8.76,  P<.0005)  landing 
aupport  to  tha  validity  of  tha  aurvay. 


Finally,  Figuraa  a- 16  and  o-17  ahow  tranda  of  tha  moat 
•anaitiva  aomatlo  and  mood  Itama  ovar  tha  four  daya.  Both 
axhibit  inoraaaaa  aoroaa  tha  work  waaki  howavar,  tha  magnltuda  of 
thaaa  inoraaalng  tranda  ia  muoh  laaa  than  that  aoroaa  parioda 
within  a day. 


Thla  quaationnalra  ia  aanaltiva  to  both  a aomatlo  and  a 
mood  atraaa  pattarn  at  an  aotiva  vaaaal  traffic  aarvioa 
oantar. 

Thia  atraaa  pattarn  woraana  during  tha  ahlft  for  all 
itmna. 

Aohlng  or  burning  ayaa  and  tlradnaaa  ara  tha  moat 
aanaltiva  of  tha  aomatlo  and  mood  itoma. 

Tha  pattarn  of  aomatlo  atraaa  Indioatora  ia  quita 
aimllar  to  that  found  by  tha  FAA. 


TABliE  0-3.  STRESS  QUESTIONNAIRE  RESULTS 


Somatic  Index 


U&JL 

Item  US< 

:q  fpoBt  Moditni 

FAA 

1. 

Aching  or  Burning  Eyni 

2.39 

1 

2. 

Stiffness 

1.27 

4 

3. 

Difficulty  in  Staying  Awake 

1.12 

5 

4. 

Loss  of  Temper 

1.06 

7 

5. 

Poor  Appetite 

1.03 

10 

6. 

Twitching  Muscles 

0.98 

9 

7. 

Headache 

■ 

3 

B. 

Sweating 

2 

9. 

Bothered  by  Noise 

6 

10. 

Dizziness 

15 

11. 

Loose  Bowels 

16 

12. 

constipation 

11 

13. 

Cheat  Pains 

13 

14. 

Difficulty  in  Breathing 

12 

15. 

Indigestion 

B 

16. 

Insomnia 

IB 

17. 

Asthma 

17 

18. 

Nightmares 

19 

19. 

Nausea 

14 

Mood  Index 

llLflin  us< 

:q  (Ep.a.t  MfldJLwil 

1. 

Tired 

3.09 

2. 

Tense 

1.64 

3. 

Fidgety 

1.57 

4. 

On  Edge 

1.55 

5. 

Irritable 

1.46 

6. 

Anxious 

1.35 

7. 

Drowsy 

1.12 

8. 

Uncomfortable 

9. 

Worry 

10. 

Upset 

11. 

Depressed 

POST 


HOME 


FIGURE  Q-4.  SOMATIC  ITEMj  LOSS  OF  TEMPER 
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MAXIMUM 


I 


t 


FIGURE  0-5.  SOMATIC  ITEMi  POOR  APPETITE 


I 

J 

/ 

/ 


L3 


ITEM  I TWITCHING  MUSCLES 
6 SUBJECTS  AT  H.G. 
4 DAYS 


ST  HOME 

FIGURE  G-6.  SOMATIC  ITEMi  TWITCHING  MUSCLES 


G- 


DAYS 

FIGURE  Q-8.  MOOD  ITEMi  TIRED 


0-16 


FIGURE 


ITEM  I OH  EDGE 

6 SUBJECTS  AT  H.Q. 
4 DAYS  EACH 


POST  HOME 
-11.  MOOD  ITEM!  ON  EDGE 


9 


MAXIMUM 


ITEM  I 


DROWSY 

6 SUBJECTS  AT 

H.Q. 

4 DAYS  EACH 


0 


FIGURE  a-15. 


MOOD  ITEM I 


UNCOMFORTABLE 


0-23 


fi.usi'....  .>  


MAXIMUM 


ITEM  I 


ACHING  OR 
BURNING  EYES 
6 SUBJECTS  AT  H.G 
4 TIMES/DAY 


The  trend  aerosa  days  woraana  for  tha  t¥0  laadlng 
Indioatora. 


Baoommandati^me 


Xmprova  tha  quaatlonnalra  by  alimlnating  Insonaitlva  ' 

Itama  and  adding  othara;  l.a.*  baokaoha  and  dapraaalon.  I 

! 

Commanoa  ualng  tha  quaatlonnalra  to  maka  oonparlaonai  | 

Batwaan  8 and  12  honr  ahlfta  at  Mouaton-Galvaaton 
Bataaan  pra  and  operational  parloda  at  Naa  orlaana 
Bataaan  vaaaal  traffic  aarvloa  oantara. 
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